(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
19 December 2002 (19.12.2002) 




PCT 



11 




I 



(10) International Publication Number 

WO 02/101112 A2 



(51) International Patent Classification 7 : C23C 2/02, 2/40 



(21) International Application Number: PCT/JP02/05627 



(22) International Filing Date: 6 June 2002 (06.06.2002) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 

2001-170857 
2001-211942 
2001-304034 
2001-304035 
2001-304036 

2001- 304037 

2002- 131643 



6 June 2001 
12 July 2001 

28 September 2001 
28 September 2001 
28 September 2001 
28 September 2001 

7 May 2002 



(06.06. 
(12.07. 
(28.09. 
(28.09. 
(28.09. 
(28.09. 
(07.05. 



2001) 
2001) 
2001) 
2001) 
2001) 
2001) 
2002) 



JP 
JP 
JP 
JP 
JP 
JP 
JP 



(71) Applicant (for all designated States except US): NIP- 
PON STEEL CORPORATION [JP/JP]; 6-3, Otemachi 
2-chome, Chiyoda-ku, Tokyo 100-8071 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): FUJTTA, Nobuhiro 
[JP/JP]; C/O NIPPON STEEL CORPORATION, Tech- 
nical Development Bureau, 20-1, Shinto mi, Futtsu-shi, 
Chiba 293-8511 (JP). AZUMA, Masafumi [JP/JP]; C/O 
NIPPON STEEL CORPORATION, Technical Develop- 
ment Bureau, 20-1, Shintomi, Futtsu-shi, Chiba 293-8511 



(JP). TAKAHASHI, Manabu [JP/JP]; C/O NIPPON 
STEEL CORPORATION, Technical Development Bu- 
reau, 20-1, Shintomi, Futtsu-shi, Chiba 293-8511 (JP). 
MORIMOTO, Yasuhide [JP/JP]; C/O NIPPON STEEL 
CORPORATION; Technical Development Bureau, 20-1, 
Shintomi, Futtsu-shi, Chiba 293-8511 (JP). KUROSAKI, 
Masao [JP/JP]; C/O NIPPON STEEL CORPORATION, 
YAWATA WORKS, 1-1, Tobihata-cho, Tobata-ku, Ki- 
takyushu-shi, Fukuoka 804-8501 (JP). MIYASAKA, 
Akihiro [JP/JP], C/O NIPPON STEEL CORPORA- 
TION, Technical Development Bureau, 20-1, Shintomi, 
Futtsu-shi, Chiba 293-8511 (JP). 

(74) Agents: ISHIDA, Takashi et ah; A. AOKI, ISHIDA & 
ASSOCIATES, Toranomon 37 Mori Bldg., 5-i; Tora- 
nomon 3-chome, Minato-ku, Tokyo 105-8423 (JP). 

(81) Designated States (national): AU, BR, CA, CN, IN, KR, 

US. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE, TR). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^3 (54) Title: HIGH-STRENGTH HOT-DIP GALVANIZED STEEL SHEET AND HOT-DIP GALVANNEALED STEEL SHEET 
^ HAVING FATIGUE RESISTANCE, CORROSION RESISTANCE, DUCTILITY AND PLATING ADHESION, AFTER SEVERE 



DEFORMATION, AND A METHOD OF PRODUCING THE SAME 
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DESCRIPTION 

HIGH- STRENGTH HOT-DIP GALVANIZED STEEL SHEET AND 
HOT-DIP GALVANNE ALE D STEEL SHEET HAVING FATIGUE 
RESISTANCE, CORROSION RESISTANCE , DUCTILITY AND 
PLATING ADHESION, AFTER SEVERE DEFORMATION, AND 

A METHOD OF PRODUCING THE SAME 



10 Technical Field 

The present invention relates to a high-strength 
high-ductility hot-dip galvanized steel sheet and hot-dip 
galvannealed steel sheet, excellent in fatigue resistance 
and corrosion resistance suitable for building materials, 

15 household electric appliances and automobiles, and 

excellent in corrosion resistance and workability in an 
environment containing chloride ion, and a method of 
producing the same. 

2 0 Background Art 

Hot-dip galvanizing is applied to steel sheets to- 
provide at corrosion prevention and the hot-dip 
galvanized steel sheets and hot-dip galvannealed steel 
sheet are widely used in building materials, household 

2 5 electric appliances, automobiles, etc* As one of the 
production methods, Sendzimir processing is a method 
comprising the processes of, in a continuous line in 
order: degreasing cleaning; heating a steel sheet in a 
non-oxidizing atmosphere; annealing it in a reducing 

30 atmosphere containing H 2 and N 2 ; cooling it to a 

temperature close to the plating bath temperature; 
dipping it in a molten zinc bath; and cooling it or 
cooling it after forming an Fe-Zn alloy layer by 
reheating. The Sendzimir processing method is widely 

35 used for the treatment of steel sheets. 

As for the annealing before the plating, a fully 
reducing furnace method is employed sometimes, wherein 
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annealing is applied in a reducing atmosphere containing 
H 2 and N 2 immediately after degreasing cleaning, without 
taking the process of heating a steel sheet in a non- 
oxidizing atmosphere. Further, employed also is the flux 
5 method comprising the processes of: degreasing and 

pickling a steel sheet; then applying a flux treatment 
using ammonium chloride or the like; dipping the sheet in 
a plating bath; and then cooling the sheet. 

In a plating bath used in those processing methods, 

10 a small amount of Al is added to deoxidize the molten 

zinc. In the Sendzimir method, a zinc plating bath 
contains about 0.1% of Al in mass. It is known that, as 
the Al in the bath has an affinity for Fe stronger than 
Fe-Zn, when a steel is dipped in the plating bath, an Fe- 

15 Al alloy layer, namely an Al concentrated layer, is 

generated and the reaction of Fe-Zn is suppressed. Due 
to the existence of an Al concentrated layer, the Al 
content in a plated layer obtained becomes generally 
higher than the Al content in a plating bath. 

2 0 Recently, demands for a high strength plated steel 

sheet excellent in workability are increasing in view of 
an improvement in durability and a weight reduction of a 
car body intended to improve the fuel efficiency of an 
automobile. Si is added to a steel as an economical 

2 5 strengthening method and, in particular, a high-ductility 

high-strength steel sheet sometimes contains not less 
than 1% of Si in mass. Further, a high-strength steel 
contains various kinds of alloys and has severe 
restrictions in its heat treatment method from the 

30 viewpoint of securing high-strength by microstructure 

control . 



Again, from the viewpoint of a plating operation, if 
the Si content in a steel exceeds 0.3% in mass, in the 
3 5 case of a conventional Sendzimir method which uses a 

plating bath containing Al, plating wettability 
deteriorates markedly and non-plating defects are 



WO 02/101112 



3 



PCT/JP02/05627 



generated resulting in the deterioration of appearance. 
It is said that the above drawback is caused by the 
concentration of Si oxides on a steel sheet surface 
during the reducing annealing and the poor wettability 
5 between the Si oxides and molten zinc. 

In case of a high-strength steel sheet, the added 
elements are abundant as explained above, and therefore 
the alloying heat treatment after plating is apt to be 
applied at a higher temperature and for a longer time 
10 than in the case of a mild steel. This is one of the 

obstacles to securing good material quality. 

Further, from the viewpoint of an improvement in the 
durability of a structural member, fatigue resistance, in 
addition to corrosion resistance, is also important. 
15 That is, it is important to develop a high-strength steel 

sheet having good plating producibility , good fatigue 
resistance and good corrosion resistance simultaneously. 

As a means of solving the problems, Japanese 
Unexamined Patent Publication Nos. H3-28359 and H3-64437 

2 0 disclose a method of improving plating performances by 

applying a specific plating. However, this method has a 
problem that the method requires either the installation 
of a new plating apparatus in front of the annealing 
furnace in a hot-dip plating line or an additional 
25 preceding plating treatment in an electroplating line, 

and this increases the costs. Further, with regard to 
fatigue resistance and corrosion resistance, though it 
has recently been disclosed that the addition of Cu is 
effective, the compatibility with corrosion resistance is 

3 0 not described at all. 

Further, Si scale defects generated at the hot- 
rolling process cause the deterioration of plating 
appearance at subsequent processes. The reduction of Si 
content in a steel is essential to suppress the Si scale 
35 defects, but, in the case of a retained austenite steel 

sheet or of a dual phase steel sheet which is a typical 
high ductility type high-strength steel sheet, Si is an 
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additive element extremely effective in improving the 
balance between strength and ductility. To cope with 
this problem, a method of controlling the morphology of 
generated oxides by controlling the atmosphere of 
5 annealing or the like is disclosed. However, the method 

requires special equipment and thus entails a new 
equipment cost. 

Yet further, when high-strength steel sheets are 
adopted for the purpose of achieving weight reduction by 

10 the reduction of the sheet thickness and the thinning of 
the steel sheets proceeds, more enhanced corrosion 
resistance may sometimes be required of even hot-dip 
galvanized steel sheets or hot-dip galvannealed steel 
sheets. For instance, an environment where rock salt is 

15 sprayed as a snow melting agent is a severe environment 
because it contains a comparatively large amount of Cl~ 
ions. In the case where a plated layer exfoliates 
locally at the portions which are subjected to heavy 
working or the plated layer itself has insufficient 

2 0 corrosion resistance, a base material with excellent 

corrosion resistance and the formation of a plated layer 
with excellent corrosion resistance are required. 

A steel sheet , which allows weight and thickness 
reduction and is prepared taking into consideration 

2 5 strengthening, the problems related to Si and improvement 

in corrosion resistance, has not been developed. 

Yet further, while aiming at improving the 
producibility in plating a high-strength steel sheet, 
Japanese Unexamined Patent Publication No. H5-230608 

30 discloses a hot-dip galvanized steel sheet having a Zn- 
Al-Mn-Fe system plated layer. However, though this 
invention particularly takes the producibility into 
consideration, it is not such an invention that takes the 
plating adhesiveness into consideration when a high- 

35 strength high-ductility material is subjected to a heavy 
working . 

Furthermore, aiming at enhancing the collision 
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energy absorbing capability, Japanese Unexamined Patent 
Publication No. Hll-189839 discloses a steel sheet: 
having the main phase comprising ferrite and the average 

grain size of the main phase being not more than 10[xm; 

5 having the second phase comprising austenite 3 to 50% in 

volume or martensite 3 to 30% in volume and the average 

grain size of the second phase being not more than 5 pun; 
and containing bainite selectively. However, this 
invention does not take plating wettability into 
10 consideration and does not provide the corrosion 

resistance which allows thickness reduction accompanying 
increased strength • 

Disclosure of the Invention 
15 The present invention provides a high-strength 

galvanized and galvannealed steels sheet which solve the 
above-mentioned problems, is excellent in appearance and 
workability, improves non-plating defects and plating 
adhesion after severe deformation, and is excellent in 
20 ductility, and a method of producing the same and, 

further, it provides a high-strength high-ductility hot- 
dip galvanized steel sheet and a high-strength high- 
ductility galvannealed steel sheet which are excellent in 
corrosion resistance and fatigue resistance, and a method 
2 5 of producing the same. 

Further, the object of the present invention is to 
provide a high-strength hot-dip galvanized steel sheet 
and a high-strength hot-dip galvannealed steel sheet 
which solve the above-mentioned problems, suppress non- 
30 plating defects and surface defects, and have corrosion 
resistance and high ductility, simultaneously, in an 
environment particularly containing chlorine ion, and a 
method of producing the same. 

The present inventors, as a result of various 
35 studies, have found that it is possible to produce 

galvanized and galvannealed steel sheets having good 



WO 02/101112 



6 



PCT/JP02/05627 



workability even when heat treatment conditions were 
mitigated and simultaneously improving corrosion 
resistance and fatigue resistance of a high-strength 
steel sheet, by regulating the microstructure of the 
5 interface (hereafter referred to as "plated layer/base 

layer interface") between a plated layer and a base layer 
(steel layer). Further, they also found that the 
wettability of molten zinc plating on a high-strength 
steel sheet is improved by making the plated layer 

10 contain specific elements in an appropriate amount. Yet 

further, they found that the above effects were 
heightened by reducing the concentration of Al in a 
plated layer, and that a very good plated layer could be 
obtained even in the case of a high-strength steel sheet 

15 containing alloying elements in relatively large amount , 

by controlling Si content: X (in mass %), Mn content: Y 
(in mass %) and Al content: Z (in mass %) in the steel 
sheet, and also Al content: A (in mass %) and Mn content: 
B (in mass %) in the plated layer so as to satisfy the 

2 0 following equation 1: 

3-(X+Y/10+Z/3)-12 • 5x(A-B) ^ 0 ... 1 



Furthermore, they found that a steel sheet having 
high ductility could be produced even when the heat 

2 5 treatment conditions were relieved, by adding alloying 

elements selectively and in an appropriate amount and, in 
addition, by regulating the microstructure of the steel 
sheet. 

The present inventors, as a result of various* 

3 0 studies, found that, in case of a high-strength steel 

sheet, the wettability in hot-dip galvanizing was 
improved, and the alloying reaction in alloying plating 
was accelerated, by making the plated layer contain 
specific elements in an appropriate amount and by 
35 combining them with the components of the steel sheet. 

The effect can be achieved mainly by controlling the 
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concentration of Al in the plated layer and that of Mn in 
the steel. 

They found that a very good plated layer could be 
obtained by controlling Mn content: X (in mass %) and Si 
5 content: Y (in mass %) in a steel, and Al content: Z (in 

mass %) in a plated layer so as to satisfy the following 
equation 2. 

0 . 6- (X/18+Y+Z ) ^ 0 ... 2 



10 The present inventors, as a result of various 

studies, found that, in case of a high-strength steel 
sheet, the wettability in hot-dip galvanizing and hot-dip 
galvannealing was improved, the alloying reaction in 
alloy plating was accelerated, and also ductility and 

15 corrosion resistance were improved, by making the plated 

layer contain specific elements in an appropriate amount 
and by combining them with the components of the steel 
sheet. The effect can be achieved mainly by controlling 
the concentrations of Al and Mo in the plated layer and 

2 0 that of Mo in the steel. 

That is, they found that a high-strength high- 
ductility hot-dip galvannealed coated steel sheet could 
be obtained by containing 0.001 to 4% of Al in mass in 
the plated layer and, in addition, by controlling Al 

2 5 content: A (in mass %) and Mo content: B (in mass %) in 

the plated layer, and Mo content: C (in mass %) in the 
steel so as to satisfy the following equation 3: 

100 ^ (A/3+B/6)/(C/6) ^ 0.01 ... 3 



3 0 The present invention has been accomplished based on 

the above findings and the gist of the present invention 

is as follows: 

(1) A high-strength high-ductility hot-dip 

galvanized steel sheet and hot-dip galvannealed steel 
35 sheet having high fatigue resistance and corrosion 

resistance, the hot-dip galvanized or galvannealed steel 
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sheet having a plated layer on the surface of the base 
layer consisting of a steel sheet, characterized in that 
the maximum depth of the grain boundary oxidized layer 
formed at the interface between the plated layer and the 

5 base layer is not more than 0.5 ^im. 

(2) A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 

10 resistance, the hot-dip galvanized or galvannealed steel 

sheet having a plated layer on the surface of the base 
layer consisting of a steel sheet, characterized in that 
the maximum depth of the grain boundary oxidized layer at 
the interface between the plated layer and the base layer 

15 is not more than 1 \xm and the average grain size of the 

main phase in the microstructure of the base layer is not 

more than 20 \xm. 

* 

(3) A high-strength high-ductility hot-dip 

20 galvanized steel sheet and hot-dip galvannealed steel 

sheet having high fatigue, resistance and corrosion 
resistance, the hot-dip galvanized or galvannealed steel 
sheet having a plated layer on the surface of the base 
layer consisting of a steel sheet, according to the item 

25 ( 1 ) or ( 2 ) , characterized in that the value obtained by 

dividing the maximum depth of the grain boundary oxidized 
layer formed at the interface between the plated layer 
and the base layer by the average grain size of the main 
phase in the microstructure of the base layer is not more 

30 than 0.1. 

(4) A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 

35 resistance according to any one of the items (1) to (3), 

characterized in that the steel sheet contains, in its 
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microstructure, ferrite or ferrite and bainite 50 to 97% 
in volume as the main phase, and either or both of 
martensite and austenite 3 to 50% in total volume as the 
second phase. 

5 

(5) A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 
resistance according to any one of the items (1) to (4), 
10 characterized in that: the plated layer contains, in 

mass, 

Al: 0.001 to 0.5%, and 

Mn: 0.001 to 2%, 
with the balance consisting of Zn and unavoidable 
15 impurities; and Si content: X (in mass %), Mn content: Y 

(in mass %) and' Al content: Z (in mass %) in the steel 
sheet, and Al content: A (in mass %) and Mn content: B 
(in mass %) in the plated layer satisfy the following 
equation 1 : 

20 3-(X+Y/10+Z/3)-12 .5x(A-B) ^ 0 ... 1 



(6) A high-strength high-ductility hot-dip 
galvannealed steel sheet having high fatigue resistance 
and corrosion resistance according to the item (5), 

2 5 characterized in that the plated layer contains Fe at 5 

to 20% in mass. 

(7) A high-strength hot-dip galvanized steel sheet 
having high plating adhesion after severe deformation and 

30 ductility, the hot-dip galvanized steel sheet having a 

plated layer containing, in mass, 
Al: 0.001 to 0.5%, and 
Mn: 0.001 to 2%, 
with the balance consisting of Zn and unavoidable 
35 impurities, on the surface of a steel sheet consisting 
of, in mass, 
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C: 0,0001 to 0,3%, 

Si: 0,01 to 2.5%, 

Mn: 0.01 to 3%/ 

Al: 0.001 to 4%, and 
5 the balance consisting of Pe and unavoidable impurities, 

characterized in that: Si content: X (in mass %), Mn 
content: Y (in mass %) and Al content: Z (in mass %) in 
the steel, and Al content: A (in mass %) and Mn content: 
B (in mass %) in the plated layer satisfy the following 
10 equation 1; and the micrbstrucijure of the steel sheet has 

the main phase comprising ferrite at 70 to 9 7% in volume 
and the average grain size of a main phase is not more 

than 20 \xm, and a second phase comprising austenite 

and/or martensite at 3 to 30% in volume and the average 

15 grain size of the second phase being not more than 10 \xmz 

3-(X+Y/10+Z/3)-12.5x(A-B) ^ 0 ... 1 



(8) A high-strength hot-dip galvannealed steel sheet 
having high plating adhesion after sever^ deformation and 

20 ductility according to the item (7), characterized in 

that the plated layer further contains at 5 to ?0% in 
mass . 

(9) A high-strength hot-dip galvanized steel sheet 
25 and hot-dip galvannealed steel sheet having plating 

adhesion after severe deformation and ductility according 
to the item (7) or (8), characterized in that the average 
grain size of austenite and/or martensite which 
constitute(s) the second phase of the steel sheet is 0.01 
30 to 0.7 times the average grain size of ferrite. 

(10) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having plating 
adhesion after severe deformation and ductility according 

35 to any one of the items (7) to (9), characterized in that 

the microstructure of the steel sheet: has a main phase 
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comprising ferrite at 50 to 95% in volume and the average 
grain- size of the main phase being not more than 20 \xm, 

and a second phase comprising austenite and/or martensite 
at 3 to 30% in volume and the average grain size of the 
5 second phase being not more than 10 fxm; and further 
contains bainite at 2 to 4 7% in volume. 

(11) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having plating 
10 adhesion after severe deformation and ductility according 

to any one of the items (7) to (10), characterized in 
that the steel further contains Mo at 0.001 to 5% in 1 
mass. 

15 (12) A high-strength hot-dip galvanized steel sheet 

and hot-dip galvannealed steel sheet having plating 
adhesion after severe deformation and ductility according 
to any one of the items (7) to (11) , characterized in 
that the steel further contains P at 0.0001 to 0.1% and S 

20 at 0.0001 to 0.01%, in mass. 

(13) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having high fatigue 
resistance and corrosion resistance according to any one 

25 of the items (7) to (12), characterized in that the Si 

content in the steel is 0.001 to 2.5%. 

(14) A high-strength hot-dip galvannealed steel 
sheet having superior appearance and workability, the 

30 hot-dip galvannealed steel sheet having a plated layer 
containing, in mass, 
Mn: 0.001 to 3%, 
Al: 0.001 to 4%, 
Mo: 0.0001 to 1%, and 
35 Fe: 5 to 20%, 

with the balance consisting of Zn and unavoidable 
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impurities, on the surface of a steel sheet consisting 
of, in mass, 

C: 0. 0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 
5 Mn: 0.01 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 

P: 0. 0001 to 0 .3%, 

S: 0.0001 to 0.1%, and 
10 the balance consisting of Fe and unavoidable impurities, 

characterized in that: Mn content: X (in mass %) and Si 
content: Y (in mass %) in the steel, and Al content: Z 
(in mass %) in the plated layer satisfy the following 
equation 2 : 

15 0 . 6-(X/18+Y+Z ) ^ 0 ... 2 

(15) A high-strength hot-dip galvanized steel sheet 
having superior appearance and workability, the hot-dip 
galvanized steel sheet having a plated -layer containing, 
20 in mass, 

Mn: 0.001 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.0001 to 1%, and 

Fe: less than .5%, 
25 with the balance consisting of Zn and unavoidable 

impurities, on the surface of a steel sheet consisting 
of, in mass, 

C: 0.0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 
30 Mn: 0.01 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 

P: 0.0001 to 0.3%, 

S: 0.0001 to 0.1%, and 
35 the balance consisting of Fe and unavoidable impurities, 

characterized in that: Mn content: X (in mass %) and Si 
content: Y (in mass %) in the steel, and Al content: Z 
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(ift mass %) in ths plated layer satisfy the following 
equation 2 : 

o.«*(x/ia+y*8) k 6 ... 2 

5 (16) A high-strength high-ductility hot-dip 

galvannealed steel sheet having high corrosion 
resistance, the hot-dip galvannealed steel sheet having a 
plated layer containing, in mass, 

Al: 0.001 to 4%, and 
10 Fe: 5 to 20%, 

with the balance consisting pf Zn and unavoidable 
impurities, on the surface of 4 steel sheet consisting 
of f in mass, * 

C: 0.0001 to 0.3%, 
15 Si: 0.001 to less than ; Q.1%, 

Mn: 0.001 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 

P: 0.001- to 0.3%, 
20 S: 0.0001 to 0.1%, and 

the balance consisting of Fe and unavoidable impurities, 
characterized in that: Al content: A (in mass %) and Mo 
content: B (in mass %) in the plated layer, and Mo 
content: C (in mags %) in the steel satisfy the following 
25 eqpation 3;. and the microstructure of the steel consists 

of the main phase comprising f errite or ferrite and 
bainite 50 to 97% in volume and the balance consisting of 
a complex structure containing either or both of 
martensite and retained aus-tenite 3 to 5 0% in volume: 

30 100 £ (A/3+B/6)/(C/6> £.0.01 ... 3 

* 

(17) A high-strength high-ductility hot-dip 
galvanized steel sheet having high corrosion resistance, 
the hot-dip galvanized steel sheet having a plated layer 
3 5 containing, in mass, 

Al: 0.001 to 4%, and 
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Fe: less than 5%, 
with the balance consisting of Zn and unavoidable 
impurities, on the surface of a steel sheet consisting 
of, in mass, 
5 C: 0.0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 

Mn: 0.001 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.0 01 to 1%, 
10 P: 0.001 to 0.3%, 

S: 0.0001 to 0.1%, and 
the balance consisting of Fe and unavoidable impurities, 
characterized in that: Al content: A (in mass %) and Mo 
content: B (in mass % ) in the plated layer, and Mo 
15 content: C (in mass %) in the steel satisfy the following 

equation 3; and the microstructure of the steel consists 
of the main phase comprising ferrite or ferrite and 
bainite 50 to 97% in volume and the balance consisting of 
a complex structure containing either or both of 
20 martensite and retained austenite at 3 to 50% in volume: 

100 ^ (A/3+B/6)/(C/6) £ 0.01 ... 3 

(18) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

2 5 appearance and workability according to any one of the 

items (14) to (17), characterized in that the 
microstructure of the steel consists of the main phase 
comprising ferrite or ferrite and bainite at 50 to 97% in 
volume and the balance consisting of a complex structure 

3 0 containing either or both of martensite and retained 

austenite at 3 to 50% in total volume. 

(19) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

3 5 appearance and workability according to any one of the 

items (14) to (18), characterized in that the 
microstructure of the steel sheet has a main phase 
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comprising ferrite at 7 0 to 97% in volume and the average 
grain size of the main phase being not more than 20 ^im, 

and a second phase comprising austenite and/or martensite 
at 3 to 30% in volume and the average grain size of the 
5 second phase being not more than 10 |am. 

(20) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 
appearance and workability according to any one of the 
10 items (14) to (19), characterized in that; the second 

phase of the steel sheet is composed of austenite; and C 
content; C (in mass %). and Mn content; Mn (in mass %) in 
the steel, and the volume percentage of austenite; Vy (in 

%) and the volume percentage of ferrite and bainite; Va 
15 (in %) satisfy the following equation 4; 

(Vy+Va) /VyxC+Mn/8 ^2.0 . . . 4 



(21) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

2 0 appearance and workability according to any one of the 

items (14) to '(20), characterized in that the 
microstructure of the steel sheet; has a main phase 
comprising ferrite at 50 to 95% in volume and the average 
grain size of the main phase being not more than 20 pun, 

25 and a second phase comprising austenite and/or martensite 

at 3 to 30% in volume and the average grain size of the 
second phase being not more than 10 \xm; and further 
contains bainite at 2 to 47% in volume. 

if 

30 (22) A high-strength high-ductility hot-dip 

galvanized steel sheet and hot-dip galvannealed steel 
sheet having high corrosion resistance according to any 
one of the items (14) to (21), characterized in that the 
average grain size of austenite and/or martensite which 

35 constitute (s) the second phase of the steel sheet is 0.01 
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to 0.6 times the average grain size of ferrite. 

(23) A high-strength hot-dip galvanized steel sheet 
having high plating adhesion after severe deformation and 
5 ductility according to any one of the items (1) to (22), 
characterized in that the plated layer further contains, 
in mass, one or more of, 

Ca: 0-001 to 0.1%, 

Mg: 0.001 to 3%, 
10 Si: 0.001 to 0. 1%, 

Mo: 0.001 to 0.1%, 

W: 0.001 to 0.1%, 

Zr: 0.001 to 0.1%, 

Cs : 0 . 001 to 0 . 1% , 
15 Rb: 0 . 001 to 0 . 1% , 

K: 0.001 to 0.1%,. 

Ag : 0.001 to 5 % , 

Na: 0.001 to 0.05%, 

Cd: 0.001 to 3%, 
20 Cu: 0.001 to 3%, 

Ni: 0.001 to 0.5%, 

Co: 0.001 to 1%, 

La: 0.001 to 0.1%, 

Tl: 0.001 to 8%, 
25 Nd: 0.001 to 0. 1%, 

Y: 0.001 to 0.1%, 

In: 0.001" to 5%, 

Be: 0.001 to 0.1%, 

Cr: 0.001 to 0.05%, 
30 Pb: 0.001 to 1%, 

Hf: 0.001 to 0.1%, 

Tc: 0.001 to 0. 1%, 

Ti: 0 .001 to 0.1%, 

Ge: 0.001 to 5%,~ 
35 Ta: 0.001 to 0.1%, 

V: 0.001 to 0.2%, and^ 

B: 0.001 to 0.1%. 
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(24) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 
appearance and workability according to any one of the 

5 items (1) to (23), characterized in that the steel 

further contains, in mass, one or more of, 
Cr: 0.001 to 25%, 
Ni: 0.001 to 10%, 
Cu: 0.0 01 to 5%, 
10 Co: 0.001 to 5%, and 

W: 0.001 to 5%. 

(25) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

15 appearance and workability according to any one of the 

items (1) to (24), characterized in that the steel 
further contains, in mass, one or more of Nb, Ti, V, Zr, 
Hf and Ta at 0.001 to 1% in total. 

20 (26) A high-strength hot-dip galvanized steel sheet 

and hot-dip galvannealed steel sheet having superior 
appearance and workability according to any one of the 
items (1) to (25), characterized in that the steel yet 
further contains B at 0.0001 to 0.1% in mass. 

25 

(27) A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 
appearance and; workability according to any one of the 
items (1) to (26), characterized in that the steel yet 

30 further contains one or more of Y, Rem, Ca, Mg and Ce at 

0.0001 to 1% in mass. 

(28) A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 

35 sheet having high fatigue resistance and corrosion 

resistance according to any one of the items (1) to (27), 
characterized in that: the steel contains one or more of 
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Si0 2 , MnO and Al 2 0 3 at 0.1 to 70% in total area percentage 
in the range from the interface between the plated layer 

and the steel sheet to the depth of 10 pm; and the 

following equation 5 is satisfied : 
5 {MnO (in* area percentage ) +Al 2 0 3 (in area 

percentage) }/Si0 2 (in area percentage) ^ 0.1... 5 



(29) A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 

10 sheet having High fatigue resistance and corrosion 

resistance according to any one of the items (1) to (28) , 
characterized in that the steel contains one or more of 
Y 2 0 3f Zr0 2 , HfO z/ Ti0 3/ La 2 0 3/ Ce 2 0 3 , Ce0 2 , CaO and MgO at 
0.0001 to 10.0% in total area percentage in the range 

15 from the interface between the plated layer and the steel 

sheet to the depth of 10 fxm. 

(30) A method of producing a high-strength hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 

20 sheet having high plating adhesion after severe 

deformation and ductility, characterized by: casting a 
steel comprising the chemical components according to any 
one of the items (1) to (29) or once cooling the cast 
slab after the casting; then heating the cast slab again; 

25 thereafter, hot-rolling the cast slab into a hot-rolled 

steel sheet and coiling it, and then pickling and cold- 
rolling the hot-rolled steel sheet; thereafter, annealing 
the cold-rolled steel sheet for 10 seconds to 30 minutes 
in the temperature range from not less than 0.1x(Ac 3 - 

30 Ac^+ACi (°C) to not more than Ac 3 +50 (°C); then cooling 
the steel sheet to the temperature range from 65 0 to 
700 °C at a cooling rate of 0.1 to 10°C/sec; thereafter, 
cooling the steel sheet to' the temperature range from the 
plating bath temperature to the plating bath temperature 

35 + 100°C at a cooling rate of 1 to 100°C/sec; keeping the 

steel sheet in the temperature range from the zinc 
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plating bath temperature to the zinc plating bath 
temperature + 100 °C for 1 to 3,000 seconds including the 
subsequent dipping time; dipping the steel sheet in the 
zinc plating bath; and, after that, cooling the steel 
5 sheet to room temperature. 

(31) A method of producing a high-strength hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet according to any one of the items (1) to (29), 

10 which hot-dip galvanized steel sheet being excellent in 

appearance and workability, characterized by: casting a 
steel comprising the chemical components according to any 
one of the items (1) to (29) or once cooling the cast 
slab after the casting; then heating the cast slab again 

15 to a temperature of 1,180 to 1, 250°C; finishing the hot- 

rolling at a temperature of 880 to 1,100°C; then pickling 
and cold-rolling the coiled hot-rolled steel sheet; 
thereafter, annealing the cold-rolled steel sheet for 10 
seconds to 30 minutes in the temperature range from not 

20 less than 0.1x(Ac 3 - Ac^+ACi (°C) to not more than Ac 3 +50 

(°C); then cooling the steel sheet to the temperature 
range from 650 to 700 °C at a cooling rate of 0.1 to 
10°C/sec; thereafter, cooling the steel sheet to the 
temperature range from the plating bath temperature - 

25 50 °C to the plating bath temperature + 50 °C at a cooling 

rate of 0.1 to 100°C/sec; then dipping the steel sheet 
in the plating bath; keeping the steel sheet in the 
temperature range from the plating bath temperature - 
50°C to the plating bath temperature + 50°C for 2 to 200 

30 seconds including the dipping time; and, thereafter, 

cooling the steel sheet to room temperature. 

(32) A method of producing a high-strength high- 
ductility hot-dip galvanized steel sheet and hot-dip 
35 galvannealed steel sheet according to any one of the 

items (1) to (29), the hot-dip galvanized steel sheet 
being excellent in corrosion resistance, characterized 
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by: casting a steel comprising the chemical components 
according to any one of the items (1) to (29) or once 
cooling the cast slab after the casting; then heating the 
cast slab again to a temperature of 1,200 to 1 / 300°C; 
5 then rough-rolling the heated slab at the total reduction 

rate of 60 to 99% and at a temperature of 1,000 to 
1,150°C; then pickling and cold-rolling the finished and 
coiled hot-rolled steel sheet; thereafter, annealing the 
cold-rolled steel sheet for 10 seconds to 30 minutes in 

10 the temperature range from not less than 0.12x(Ac 3 - 

Ac 1 )+Ac 1 (°C) to not more than Ac 3 +50 (°C); then, after 
the annealing, cooling the steel sheet, when the highest 
attained temperature during annealing is defined as Tmax 
(°C), to the temperature range from Tmax - 200°C to Tmax 

15 - 100°C at a cooling rate of Tmax/1,000 to Tmax/10 

°C/sec; thereafter, cooling the steel sheet to the 
temperature range from the plating bath temperature - 
30 °C to the plating bath temperature + 50 °C at a cooling 
rate of 0.1 to 100°C/sec . ; then dipping the steel sheet 

20 in the plating bath; keeping the steel sheet in the 

temperature range from the plating bath temperature - 
30 °C to the plating bath temperature + 50 °C for 2 to 200 
seconds including the dipping time; and, thereafter, 
cooling the steel s.heet to room temperature. 

25 

(33) A method of producing a high-strength high- 
ductility hot-dip galvanized steel sheet and hot-dip 
galvannealed steel sheet having high fatigue resistance 
and corrosion resistance, characterized by: casting a 

3 0 steel comprising the chemical components according to any 

one of the items (1) to (29) or once cooling the cast 
slab after the casting; then heating the cast slab again; 
thereafter, hot-rolling the cast slab into a hot-rolled 
steel sheet and coiling it, and then pickling and cold- 

35 rolling the hot-rolled steel sheet; thereafter, annealing 

the cold-rolled steel sheet controlling the annealing 
temperature so that the highest temperature during 
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annealing may fall within the range from not less than 
0.1x(Ac 3 - AcJ+Ac^ (°C) to not more than Ac 3 -30 (°C); 
then cooling the steel sheet to the temperature range 
from 650 to 710°C at a cooling rate of 0.1 to 10°C/sec. ; 
5 thereafter, cooling the steel sheet to the temperature 

range from the zinc plating bath temperature to the zinc 
plating bath temperature + 100 °C at a cooling rate of 1 
to 100°C/sec. ; keeping the steel sheet in the temperature 
range from the zinc plating bath temperature to the zinc 
10 plating bath temperature + 100 °C for 1 to 3,000 seconds 

including the subsequent dipping time; dipping the steel 
sheet in the zinc plating bath; and, after that, cooling 
the steel sheet to room temperature . 

!5 (34) A high-strength hot-dip galvanized steel sheet 

and hot-dip galvannealed steel sheet having high fatigue 
resistance, corrosion resistance, and plating adhesion 
after severe deformation and ductility and a method of 
producing the same, according to any one of the items 

20 (30) to (33), characterized by: after dipping the steel 

sheet in the zinc plating bath, applying an alloying 
treatment to the steel sheet at a temperature of 3 00 to 
550 °C and cooling it to room temperature. 

25 Best Mode for Carrying out the Invention 

The present invention will be explained in detail 
hereunder. 

Embodiment 1 

30 The present inventors subjected a steel sheet, which 

consisted of, in mass, 0.0001 to 0.3% of C, 0.001 to 2.5% 
of Si, 0.01 to 3% of Mn, 0.001 to 4% of Al and the 
balance consisting of Fe and unavoidable impurities, to 
the processes of: annealing the steel sheet for 10 

3 5 seconds to 30 minutes in the temperature range from not 

less than 0.1x(Ac 3 - Ao 1 )^-Ac 1 (°C) to not more than Ac 3 +50 
(°C); then cooling the steel sheet to the temperature 
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range from 650 to 700 °C at a cooling rate of 0.1 to 
10°C/sec; thereafter, cooling the steel sheet to the 
temperature range from the plating bath temperature (450 
to 470 °C) to the plating bath temperature + 100°C at a 
5 cooling rate of 1 to 100°C/sec; dipping the steel sheet 

in the zinc plating bath at a temperature of 450 to 470°C 
for 3 seconds; and heating the steel sheet at a 
temperature of 500 to 550 °C for 10 to 60 seconds. 

Thereafter, a plating property was evaluated by 

10 measuring the area. of non-plated portions on the surface 

of the plated steel, sheet. Corrosion resistance was 
evaluated by applying a repeated salt spray test. 
Further, mechanical properties were evaluated by a 
tensile test, and the fatigue property of the plated 

15 steel sheet was evaluated by a plane bending fatigue test 

applying a stress corresponding to 50% of the tensile 
strength of the steel sheet. 

■ 

Further, plating adhesion was evaluated by applying 
60° bending and bending-back forming to the steel sheet 

20 after giving 20% tensile strain, sticking a vinyl tape to 

the portion where bending, forming was applied and peeling 
it off, and then quantifying the area where the plated 
layer was peeled off by image analysis* 

As a result, Si system oxides, in particular, were 

25 observed abundantly at the crystal grain boundaries of 

the interface between the plated layer and the base 
layer, and the present inventors found that a high- 
strength high-ductility hot-dip galvanized steel sheet 
excellent in fatigue resistance and corrosion resistance 

30 could be produced by controlling the maximum depth of the 

grain boundary oxidized layer and the average grain size 
of the main phase in the finally obtained microstructure 
with regard to the relation between the shape of the 
grain boundary oxidized layer and the fatigue property. 

35 That is, the present inventors found that the 

fatigue life of a hot-dip galvanized steel sheet could be 
prolonged by controlling the maximum depth of the grain 
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boundary oxidized layer containing Si to 0.5 |im or less 

in the finally obtained microstructure at the interface 
between the plated layer and the base layer. 
Furthermore, the fatigue life of a hot-dip galvanized 
5 steel sheet can be further prolonged by selecting the 

steel components and the production conditions which 
allow the maximum depth of the grain boundary oxidized 
layer to be 0.5 \jna or less, preferably 0.2.(im or less. 

Further, the present inventors found that corrosion 
10 resistance and fatigue resistance particularly after an 

alloying treatment could be further improved by 
restricting the kinds and area percentage of oxides in a 

■ 

steel, which contained grain boundary oxides, in the 

♦ 

range from the interface between the plated layer and the 

i 

15 steel sheet to the depth of 10 (jtm. That is, a high- 

strength high-ductility hot-dip galvanized or 
galvannealed steel sheet excellent in corrosion 
resistance and fatigue resistance can be obtained; by 
making the steel contain one or more of Si0 2 , MnO and 

20 Al 2 0 3/ as oxides, at 0.4 to 70% in total area percentage 

in the range from the interface between the plated layer 
and the steel sheet to the depth of 10 pun ; and by 

controlling those area percentages so as to satisfy the 
following expression: 

2 5 {MnO (in area percentage ) +Al 2 0 3 (in area 

percentage) }/Si0 2 (in area percentage) ^ 0.1. 

The present inventors also found that corrosion 
resistance and fatigue resistance after an alloying 

3 0 treatment could also be improved by making a steel 

contain, in addition to Si0 2 , MnO and Al 2 0 3 , one or more 
of Y 2 0 3/ Zr0 2 , Hf0 2 , Ti0 2 , La 2 0 3 , Ce 2 0 3 , Ce0 2 , CaO and MgO by 
0.0001 to 10.0% in total area percentage in the range 
from the interface between the plated layer and the steel 
35 sheet to the depth of 10 \xm. 
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Here, the identification, observation and area 
percentage measurement of oxides existing in a steel in 
the range from the interface between the plated layer and 
the steel sheet to the depth of 10 \ua as stated above can 
5 be carried out by using EPMA, FE-SEM and the like. In 

the present invention, the area percentage was obtained 
by measuring the area in more than 50 visual fields under 
the magnification of 2,000 to 20,000 and then analyzing 
the data using image analysis. The identification of 

10 oxides was carried out by preparing an extracted replica 

specimen and using TEM or EBSP. MnO, Al 2 0 3 and Si0 2 
described above were distinguished by finding the most 
similar objects using element analysis and structure 
identification, though sometimes there were cases where 

15 objects were complex oxides containing other atoms or had 

a structure containing many defects. The area percentage 
can be obtained by the area scanning of each component 
using EPMA, FE-SEM and the like. In this case, though 
precise identification of each structure is difficult, 

20 the judgement can be done from the shape and the 

organization together with the above-mentioned structural 
analysis. Thereafter, each area percentage can be 
obtained by the image analysis of the data obtained from 
the area scanning. 

25 The present inventors found that the fatigue life 

could be prolonged likewise by controlling the average 
grain size of the main phase in a steel sheet to not more 
than 2 0 \m and the maximum depth of the grain boundary 
oxidized layer at the interface between the plated layer 

30 and the base layer to not more than 1 \xm into the 

microstructure . Further, they found that a high-strength 

high-ductility hot-dip galvanized steel sheet and hot-dip 

galvannealed steel sheet having high fatigue resistance 
and corrosion resistance could be obtained by controlling 

3 5 the value obtained by dividing the maximum depth of the 

grain boundary oxidized layer formed at the interface 

: 
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between the plated layer and the base layer by the 
average grain size of the main phase to not more than 0, 
in the microstructure of the steel sheet. 

Further, with regard to plating property and 

5 corrosion resistance, it was found that non-plating 

defects were not formed and rust formation in a repeated 
salt spray test was extremely small even in the case of 
steel sheet particularly containing abundant Si as long 
as Si content: X (in mass %), Mn content: Y (in mass %) 

) and Al content: Z (in mass %) in the steel sheet, and Al 

content: A (in mass %) and Mn content: B (in mass %) in 
the plated layer satisfy the following equation 1: 

3-(X+Y/10+Z/3)-12.5x(A-B) ^ 0 . .. 1 



15 The equation 1 is newly found from multiple 

regression analysis of the data showing the influence of 
the components in a steel sheet and a plated layer on 
plating wettability. 

Here, the components in a plated layer are defined 
2 0 to be a value measured by chemical analysis after the 

plated layer is dissolved with 5% hydrochloric acid 
solution containing an inhibitor. 

Embodiment 2 

25 T he present inventors subjected a steel sheet 

consisting of, in mass, 
C: 0 . 0001 to 0.3%, 
Si: 0.001 to less than 0.1%, 
Mn: 0.01 to 3%, 
30 Al: 0.001 to 4%, 

Mo: 0.001 to 1%,. 
P: 0.0001 to 0.3%, 
S: 0.0001 to 0.1%, and 
the balance consisting of Fe and unavoidable impurities, 
35 to the processes of: annealing the steel sheet; dipping 

the steel sheet in the zinc plating bath at a temperature 
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of 450 to 470°C for 3. seconds; and further heating some 
of the specimens for 10 to 60 seconds at a temperature of 
500 to 530 °C. Thereafter, the appearance was evaluated 
by classifying the incidence of defects on the surface of 
5 the plated steel sheet into five ranks. Mechanical 

properties were also evaluated using a tensile test. As 
a result, it was found that evaluation rank 5, which 
meant appearance defects were scarcely observed, could be 
obtained when Mn content in the. steel was defined as X 
10 (in mass %), Si content in the steel as Y (in mass %), 

and Al content in the plated layer as Z (in mass %), and 
X, Y and Z satisfied the following equation 2: 
0.6-(X/18+Y+Z) ^ 0 ... 2 

I 5 T he appearance of a plated steel sheet was evaluated 

by visually observing the state of the formation of non- 
plating defects and the state of the formation of flaws 
and patterns and classifying them into the evaluation 
ranks 1 to 5 . The criteria of the evaluation are as 

20 follows: 

Evaluation rank 5: non-plating defects, flaws and 
patterns are scarcely observed (not more than 1% in area 
percentage ) , 

Evaluation rank 4: non-plating defects, flaws and 
2 5 patterns are trivial (more than 1% to not more than 10% 

in area percentage), 

Evaluation rank 3: non-plating defects, flaws and 
patterns are few (more than 10% to not more than 50% in 
area percentage), 
30 Evaluation rank 2: non-plating defects, flaws and 

patterns are plentiful (more than 50% in area 
percentage ) , 

Evaluation rank 1: plating does not wet a steel sheet 
surface. 



Embodiment 3 

The present inventors subjected a steel sheet 
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consisting of, in mass, 

C: 0.0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 

Mn: 0.01 to 3%, 
5 Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 

P: 0.0001 to 0.3%, 

S: 0.0001 to 0.1%, and 
the balance consisting of Fe and unavoidable impurities, 
.0 to the processes of: annealing the steel sheet; dipping. 

the steel sheet in the zinc plating bath at a temperature 
of 450 to 470 °C for 3 seconds; and further heating some 
of the specimens for 10 to 60 seconds at a temperature of 
500 to 550°C. Thereafter, the steel sheet was subjected 
5 to full flat bending (R=lt), and the bent specimen was 

subjected to a cyclic corrosion test of up to 150 cycles 
based on the standard (JASO) of the Society of Automotive 
Engineers of Japan, Inc. (JSAE). The state of corrosion 
was evaluated by observing the surface appearance and 
0 cross-sectional appearance in not less than 20 visual 

fields using an optical microscope under the 
magnification of 200 to 1,000, observing the degree of 
the progress of the corrosion into the inside, and 
classifying the observation results into five ranks. The 
5 criteria of the evaluation are as follows: 

Evaluation rank 5: degree of progress of corrosion: only 
the plated layer corrodes or the depth of corrosion in 

the base material is less than 50 pjn, 

Evaluation rank 4: degree of progress of corrosion: the 
0 depth of corrosion in the base material is 50 \ua to less 

than 100 \xm, 

Evaluation rank 3: degree of progress of corrosion: the 
depth of corrosion in the base material is less than the 
half of the sheet thickness, 
5 Evaluation rank 2: degree of progress of corrosion: the 

depth of corrosion in the base material is not less than 
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the half of the sheet thickness, 
Evaluation rank 1: perforation. 

As a result, it was found that good corrosion 
resistance of evaluation rank 4 or 5 was secured when Al 
5 content in the plated layer was in the range from 0.001 
to 4% and defined as A (in mass %), Mo content in the 
plated layer was defined as B (in mass %), and Mo content 
in the steel as C ( in mass %), and A, B and C satisfied 
the following equation 3 : 

10 100 ^ (A/3+B/6)/(C/6) ^0.01 ... 3 

The detailed reason why the generation of non- 
plating defects is suppressed is not always clear, but it 
is estimated that non-plating defects are generated 
15 because the wettability between Al added in a plating 

bath and Si0 2 formed on the surface of a steel sheet is 
inferior. Therefore, it becomes possible to suppress the 
generation of non-plating defects by adding elements 
which remove the adverse effect of Al added in a zinc 

2 0 bath. As a result of the earnest studies by the present 

inventors, it was found that the above object could be 
attained by adding Mn in an appropriate concentration 
range. It is estimated that Mn forms an oxide film more 
preferentially than Al added in a zinc bath and enhances 
25 its reactivity with an Si system oxide film formed on the 

surface of a steel sheet. 

Further, it is estimated that the fact that the 
generation of flaws caused by Si scales formed during 
hot-rolling has been suppressed by reducing Si amount in 

3 0 a steel is also effective in improving appearance. 

Further, with regard to the deterioration of material 
quality accompanying the reduction of Si content, it was 
found that ductility could be secured by the adjustment 
of production conditions and the addition of other 
35 components such as Al and Mo and the reduction of Si 
content and the addition of Al were effective in 
accelerating alloying . 
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The detailed reason is not clear, but it is 
estimated that it is caused by the generation of non- 
plating defects, the shapes of other defects, and the 
difference in corrosion resistance between the base 
5 material and the plated layer (difference in electric 

potential ) . 

Here, though the deposited amount of plating is not 
particularly regulated, it is preferable that the 
deposited amount on one side is not less than 5 g/mm 2 

10 from the viewpoint of corrosion resistance. Though an 

upper layer plating is applied to a hot-dip galvanized 
steel sheet of the present invention for the purpose of 
improving painting property and weldability, and various 
kinds of treatments such as a chromate treatment, a 

15 phosphate treatment, a lubricity improving treatment, a 

weldability improving treatment, etc. are applied to a 
hot-dip galvanized steel sheet of the present invention, 
those cases do not deviate from the present invention. 

2 0 Preferable microstructure of base steel sheet 

Next, the preferable microstructure of a base steel 
sheet will be explained hereunder. It is preferable to 
make the main structure a ferrite phase for sufficiently 
securing ductility. However, when higher strength is 

2 5 required, a bainite phase may be contained, but, from the 

viewpoint of securing ductility, it is desirable that the 
main phase contains a single phase of ferrite or a 
complex phase of ferrite and bainite (the expression 
"ferrite or ferrite and bainite" described in this 

30 DESCRIPTION means the same, unless otherwise specified) 

at not less than 50%, preferably 70%, in volume. In the 
case of a complex phase of ferrite and bainite too, it is 
desirable that ferrite is contained at not less than 50% 
in volume for securing ductility. On the other hand, for 

35 securing high-strength and high ductility in a well 

balanced manner, it is preferable to make ferrite or 
ferrite and bainite be contained at not more than 97% in 
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volume. Further, for securing high-strength and high 
ductility simultaneously, it is also desirable to make 
the structure a complex structure containing retained 
austenite and/or martensite. For securing high-strength 
5 and high ductility simultaneously, it is preferable to 

make retained austenite and/or martensite be contained by 
not less than 3% in total volume. However, if the total 
value exceeds 50%, the steel sheet tends to be brittle, 
and therefore it is desirable to control the value to not 
10 more than 3 0% in total volume. 

For securing the high ductility of a steel sheet 
itself, it is prescribed that the average grain size of 

ferrite is not more than 2 0 \xm and the average grain size 

of austenite and/or martensite, which constitute ( s ) the 

15 • second phase, is not more than 10 fxnw Here, it is 

desirable to make the second phase composed of austenite 
and/or martensite and to make the average grain size of 
austenite and/or martensite not more than 0.7 times the 
average grain size of ferrite which constitutes the main 
2 0 phase. However, as it is difficult in actual production 

to make the average grain size of austenite and/or 
martensite, which constitute ( s ) the second phase, less 
than 0.01 time the average grain size of ferrite, it is 
preferable that the rate is not less than 0.01. 

2 5 Furthermore, for securing good plating adhesion, and 

high-strength and high ductility in a well-balanced 
manner, it is prescribed that, in the case that the 
second phase of a steel sheet is composed of austenite, C 
content: C (in mass %) and Mn content: Mn (in mass %) in 

3 0 the steel, and the volume percentage of austenite: Vy (in 

%) and the volume percentage of ferrite and bainite: Va 

i 

(in %) satisfy the following equation 4: 
(Vy+Va) /VvxC+Mn/8 2 . 0 . . . 4 
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particularly excellent in the balance between strength 
and ductility and having good plating adhesion can be 
obtained . 

The volume percentage and the like in case of 

5 containing bainite will be explained hereunder. A 

bainite phase is useful for enhancing strength by being 
contained 'at not less than 2% in volume, and also, when 
it coexists with an austenite phase, it contributes to 
stabilizing austenite and, as a result, it is useful for 

0 securing a high n-value. Further, the phase is basically 

fine and contributes to the plating adhesiveness during 
heavy working too. In particular, in the case where the 
second phase is composed of austenite, by controlling the 
volume percentage of bainite to not less than 2%, the 

5 balance of plating adhesiveness and ductility improves 

further. On the other hand, as ductility deteriorates 
when bainite is excessively formed, the volume percentage 
of the bainite phase is limited to not more than 47%. 

In addition to the above, a steel sheet containing 

0 one or more of carbides, nitrides, sulfides and oxides at 

not more than 1% in volume, as the remainder portion in 
the microstructure, may be included in a steel sheet used 
in the present invention. Here, the identification, the 
observation of the sites, the average grain sizes 

5 (average circle-equivalent grain sizes) and volume 

percentages of each phase, ferrite, bainite, austenite, 
martensite, interface oxide layers and remainder 
structures in a microstructure can be quantitatively 
measured by etching the cross-section of a steel sheet in 

0 the rolling direction or in the transverse direction with 

a niter reagent or the reagent disclosed in Japanese 
Unexamined Patent Publication No. S59-219473 and 
observing the cross-section with an optical microscope 
under the magnification of 500 to 1,000. 

5 Here, there sometimes is a case that the grain' size 

of martensite can hardly be measured by an optical 
microscope. In that case, the average circle-equivalent 
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grain size is obtained by observing the boundaries of 
martensite blocks, the boundaries of packets, or the 
aggregates thereof and measuring the grain sizes using a 
scanning electron microscope. 
5 Further, the observation of the shape of a grain 

boundary oxide layer and the identification thereof at 
the interface between a plated layer and a base layer are 
carried out using an scanning electron microscope and a 
transmission electron microscope, and the maximum depth 
10 is measured by observing the depth in not less than 20 

visual fields under a magnification of not less than 
1,0 00 and identifying the maximum value. 

An average grain size is defined as a value obtained 
by the procedure specified in JIS based on the results 
15 obtained by observing the objects in not less than 2 0 

visual fields using above-mentioned method. 

Next, a plated layer will be explained hereunder. 

It is preferable that the Al content in a plated 
layer is controlled within the range from 0.001 to 0.5% 
20 in mass. This is because, when the Al content is less 

than 0.001% in mass, dross is formed remarkably and a 
good appearance cannot be obtained and, when Al is added 
in excess of 0.5% in mass, the alloying reaction is 
markedly suppressed and a hot-dip alloyed zinc-coated 
25 layer is hardly formed. 

The reason why the Mn content in a plated layer is 
set within the range from 0.001 to 2% in mass is that, in 
this range, non-plating defects are not generated and a 
plated layer having good appearance can be obtained. 
30 When the Mn content exceeds 2% in mass, Mn-Zn compounds 

precipitate in a plating bath and are trapped in the 
plated layer, resulting in deteriorating appearance 
markedly. 

Further, in the case where spot weldability and a 
35 painting property are desired in particular, these 
properties can be improved by applying an alloying 
treatment. Specifically, by applying an alloying 
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treatment at a temperature of 300 to 550 °C after a steel 
sheet is dipped in a zinc bath, Fe is taken into a plated 
layer, and a high-strength hot-dip galvanized steel sheet 
excellent in a painting property and spot weldability can 
5 be obtained. When the Fe content after an alloying 

treatment is less than 5% in mass, spot weldability is 
insufficient. On the other hand, when Fe content exceeds 
20% in mass, the adhesiveness of the plated layer itself 
deteriorates and the plated layer is destroyed, falls 

10 off, and sticks to dies during working, causing flaws 

during forming. Therefore, the range of the Fe content 
in a plated layer when an alloying treatment is applied 
is set at 5 to 20% by mass. 

Further, it was found, that non-plating defects could 

15 be suppressed by containing one or more of Ca, Mg, Si, 

Mo, W, Zr, Cs, Rb, K, Ag, Na, Cd, Cu, Ni, Co, La, Tl, Nd, 
Y, In, Be, Cr, Pb, Hf, Tc , Ti, Ge, Ta, V and B in a 
plated layer. 

Here, though the deposited amount of plating is not 
20 particularly regulated, it is preferable that the 

deposited amount on one side is not less than 5 g/mm 2 
from the viewpoint of corrosion resistance. Though an 
upper layer plating is applied to a hot-dip galvanized 
steel sheet of the present invention for the purpose of 

2 5 . improving painting property and weldability, and various 

kinds of treatments such as a chromate treatment, a 
phosphate treatment, a lubricity improving treatment, a 
weldability improving treatment, etc. are applied to a 
hot-dip galvanized steel sheet of the present invention, 

3 0 those cases do not deviate from the present invention. 

As one of the impurities in a plated layer, Mn is on 
example. When the Mn content in a plated layer increases 
to exceed the usual level of the impurities, non-plating 
defects are hardly generated. However, it is difficult 
3 5 to increase the Mn content in a plated layer because of 

the restrictions related to the current plating 
equipment. Therefore, the present invention allows Mn 
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content to be less than 0,001% in mass, which is within 
the level of impurity elements, and is an invention 
wherein a steel sheet having a least amount of non- 
plating defects and surface defects can be obtained even 
5 though Mn is not intentionally added to a plating bath. 

The reason for specifying the following elements to 
be in the ranges of Ca: 0.001 to 0.1%, Mg: 0.001 to 3%, 
Si: 0.0O1 to 0.1%, Mo: 0.001 to 0.1%, W: 0.001 to 0.1%, 
Zr: 0.001 to 0.1%, Cs : 0.001 to 0.1%, Rb: 0.001 to 0.1%, 

10 K; 0.001 to 0.1%, Ag: 0.001 to 5%, Na: 0.001 to 0.05%, 

Cd: 0.001 to 3%, Cu: 0.001 to 3%, Ni : 0.001 to 0.5%, Co: 
0.001 to 1%, La: 0.001 to 0.1%, Tl: 0.001 to 8%, Nd: 
0.001 to 0.1%, Y: 0.001 to 0.1%, In: 0.001 to 5%, Be: 
0.001 to 0.1%, Cr: 0.001 to 0.05%, Pb: 0.001 to 1%, Hf : 

15 0.001 to 0.1%, Tc: 0.001 to 0.1%, Ti: 0.001 to 0.1%, Ge: 

0.001 to 5%, Ta: 0.001 to 0.1%, V: 0.001 to 0.2% and B: 
0.001 to 0.1%, in mass, is that, in each of the ranges, 
non-plating defects are suppressed and a plated layer 
having good appearance can be obtained. When each 

20 element exceeds each upper limit, dross containing each 

element is formed and therefore the plating appearance 
deteriorates markedly. 

Next, the reasons for restricting the ranges of the 
components in a steel sheet according to the present 

25 invention will be explained hereunder. 

C is an element added in order to sufficiently 
secure the volume percentage of the second phase required 
for securing strength and ductility in a well balanced 
manner. In particular, when the second phase is composed 

30 of austenite, C contributes to not only the acquisition 

of the volume percentage but also the stability thereof 
and improves ductility greatly. The lower limit is set 
at 0.0001% by mass for securing the strength and the 
volume percentage of the second phase, and the upper 

3 5 limit is set at 0.3% by mass as the upper limit for 

preserving weldability. 

Si is an element added in order to accelerate the 
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formation of ferrite, which constitutes the main phase, 
and to suppress the formation of carbides, which 
deteriorate the balance between strength and ductility, 
and the lower limit is set at 0.01% in mass. On the 
5 other hand, its excessive addition adversely affects 

weldability and plating wettability. Further, as C 
accelerates the formation of an internal grain boundary 
oxidized layer, the C content has to be suppressed to a 
low level. Therefore,, the upper limit is set at 2.5% in 

10 mass. In particular, when appearance, such as scale 
defects and the like, rather than strength, is the 
problem, it is determined that C may be reduced up to 
0.001% in mass, which is in a range not causing 
operational problems . 

15 Mn is added for the purpose of not only the control 

of plating wettability and plating adhesion but also the 
enhancement of strength. Further, it is added for 
suppressing the precipitation of carbides and the 
formation of pearlite which cause the deterioration of 

2 0 strength and ductility. For that reason, Mn content is 

set at not less than 0.001% in mass. On the other hand, 
since Mn delays bainite transformation which contributes 
to the improvement of ductility when the second phase is 
composed of austenite, and deteriorates weldability, the 

2 5 upper limit of Mn is set at 3% in mass. 

Al is effective in controlling plating wettability 
and plating adhesion and also accelerating bainite 
transformation which contributes to the improvement of 
ductility, in particular, when the second phase is 

3 0 composed of austenite, and also Al improves the balance 

between strength and ductility. Further/ Al is an 
element effective in suppressing the formation of Si 
system internal grain boundary oxides too. Therefore, 
the Al addition amount is set at not less than 0.0001% in 
35 mass. On the other hand, since its excessive addition 
deteriorates weldability and plating wettability 
remarkably and suppresses the synthesizing reaction 
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markedly, the upper limit is set at 4% in mass. 

Mo is added in order to suppress the generation of 
carbides and pearlite which deteriorate the balance 
between strength and ductility, and is an important 
5 element for securing good balance between strength and 

ductility under mitigated heat treatment conditions. 
Therefore, the lower limit of Mo is set at 0.001% in 
mass. Further, since its excessive addition generates 
retained austenite, lowers stability and hardens ferrite, 

10 resulting in the deterioration of ductility, the upper 

limit is set at 5%, preferably 1%. 

Mg, Ca, Ti, Y, Ce and Rem are added for the purpose 
of suppressing the generation of an Si system internal 
grain boundary oxidized layer which deteriorates plating 

15 wettability, fatigue resistance and corrosion resistance. 

As the elements do not generate grain boundary oxides, as 
do Si system oxides, but can generate comparatively fine 
oxides in a dispersed manner, the oxides themselves of 
those elements do not adversely affect fatigue 

2 0 resistance. Further, as the elements suppress the 

formation of an Si system internal grain boundary 
oxidized layer, the depth of the internal grain boundary 
oxidized layer can be reduced and the elements contribute 
to the extension of fatigue life. One or more of the 

2 5 elements may be added and the addition amount of the 

elements is set at not less than 0.0001% in total mass. 
On the other hand, since their excessive addition 
deteriorates producibility such as casting properties and 
hot workability, and the ductility of steel sheet 

3 0 products, the upper limit is set at 1% in mass. 

Further, a steel according to the present invention 
may contain one or more of Cr, Ni, Cu, Co and W aiming at 
enhancing strength . 

Cr is an element added for enhancing strength and 
3 5 suppressing the generation of carbides, and the addition 

amount is set at not less than 0.001% in mass. However, 
its addition amount exceeding 25% in mass badly affects 
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workability, and therefore the value is determined to be 
the upper limit. 

Ni content is determined to be not less than 0.001% 
in mass for improving plating properties and enhancing 
5 strength. However, its addition amount exceeding 10% in 

mass badly affects workability, and therefore the value 
is determined to be the upper limit. 

Cu is added in the amount of not less than 0.001% in 
mass for enhancing strength. However, its addition 
0 amount exceeding 5% in mass badly affects workability, 

and therefore the value is determined to be the upper 
limit . 

Co is added in the amount of not less than 0.001% in 
mass for improving the balance between strength and 

5 ductility by the control of plating properties and 

bainite transformation. The upper limit is not 
specifically determined, but, as Co is an expensive 
element and an addition in a large amount is not 
economical, it is desirable to set the addition amount at 

0 not more than 5% in mass. 

The reason why the W content is determined to be in 
the range from 0.001 to 5% in mass is that the effect of 
enhancing strength appears when the amount is not less 
than 0.0 01% in mass, and that the addition amount 

5 exceeding 5% in mass adversely affects workability . 

Furthermore, a steel according to the present 
invention may contain one or more of Nb, Ti, V, Zr, Hf 
and Ta, which are strong carbide forming elements, aiming 
at enhancing the strength yet further. 

0 Those elements form fine carbides, nitrides or 

carbonitrides and are very effective in strengthening a 
steel sheet. Therefore, it is determined that one or 
more of those elements is/are added by not less than 
0.001% in mass at need. On the other hand, as those 

5 elements deteriorate ductility and hinder the 

concentration of C into retained austenite, the upper 
limit of the total addition amount is set at 1% by mass. 
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B can also be added as needed. B addition in the 
amount of not less than 0.0001% in mass is effective in 
strengthening grain boundaries and a steel material. 
However, when the addition amount exceeds 0.1% in mass, 
5 not only the effect is saturated but also the strength of 
a steel sheet is increased more than necessary, resulting 
in the deterioration of workability, and therefore the 
upper limit is set at 0.1% in mass. 

The reason why P content is determined to be in the 

10 range from 0.0001 to 0.3% in mass is that the effect of 

enhancing strength appears when the amount is not less 
than 0.0001% in mass and ultra-low P is economically 
disadvantageous, and that the addition amount exceeding 
0.3% in mass adversely affects weldability and 

15 producibility during casting and hot-rolling. 

The reason why the S content is determined to be in 
the range from 0.0001 to 0.1% in mass is that ultra-low S 
of less than the lower limit of 0.0001% in mass is 
economically disadvantageous, and that an addition amount 

20 exceeding 0.1% in mass adversely affects weldability and 

producibility during casting and hot-rolling. 

P, S, Sn, etc. are unavoidable impurities. It is 
desirable that P content is not more than 0.05%, S 
content not more than 0.01% and Sn content not more than 

2 5 0.01%, in mass. It is well known that the small addition 

of P., in particular, is effective in improving the 
balance between strength and ductility. 

Methods of producing a high-strength hot-dip 
galvanized steel sheet having such a structure as 

30 mentioned above will be explained hereunder. 

When a steel sheet according to the present 
invention is produced by the processes of hot-rolling, 
cold-rolling and annealing, a slab adjusted to a 
prescribed components is cast or once cooled after the 

35 casting, and then heated again at a temperature of not 

less than 1,180°C and hot-rolled. At this time, it is 
desirable that the reheating temperature is set at not 
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less than 1,150°C or at not more than 1,100°C to suppress 
the formation of a grain boundary oxidized layer. When 
the reheating temperature becomes very high, oxidized 
scales tend to be formed on the whole surface 
5 comparatively uniformly and thus the oxidation of grain 
boundaries tends to be suppressed. 

However, as heating to a temperature exceeding 
1,250°C accelerates extraordinary oxidation locally, this 
temperature is determined to be the upper limit. 

10 Low temperature heating delays the formation of an 

oxidized layer itself. 

Further, for the purpose of suppressing the 
formation of excessive internal oxidation, it is 
determined that the hot-rolling is finished at a 

15 temperature of not less than 880 °C, and it is preferable 
for the reduction of the grain boundary oxidation depth 
of a product to remove surface scales by using a high- 
pressure descaling apparatus or applying heavy pickling 
after the hot-rolling. Thereafter, a steel sheet is 

20 cold-rolled and annealed, and thus a final product is 

obtained. In this case, it is common that the hot-roll 
finishing temperature is controlled to a temperature of 
not less than Ar 3 transformation temperature which is 
determined by the chemical composition of a steel, but 

25 the properties of a final steel sheet product are not 

deteriorated as long as the temperature is up to about 
10 °C lower than Ar 3 . 

However, the hot-roll finishing temperature is set 
at not more than 1,100°C to avoid the formation of 

30 oxidized scales in a large amount. 

Further, by controlling the coiling temperature 
after cooling to not less than the bainite transformation 
commencement temperature, which is determined by the 
chemical composition of a steel, increasing the load more 

35 than necessary during cold-rolling can be avoided. 

However, that does not apply to the case where the total 
reduction rate at cold-rolling is low, and, even though a 
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steel sheet is coiled at a temperature of not more than 
the bainite transformation temperature of a steel, the 
properties of the final steel sheet product are not 
deteriorated. Further, the total reduction rate of cold- 
5 rolling is determined from the relation between the final 

thickness and the cold-rolling load, and as long as the 
total reduction rate is not less than 40%, preferably 
5 0%, that is effective in the reduction of grain boundary 
oxidation depth and the properties of the final steel 

10 sheet product are not deteriorated. 

In the annealing process after cold-rolling, when 
the annealing temperature is less than the value of 
0.1x(Ac 3 - Ac 1 )+Ac 1 (°C) which is expressed by the Ac x 
temperature and Ac 3 temperature (for example, refer to 

15 "Tekko Zairyo Kagaku": W. C. Leslie, Supervisory 

Translator: Nariyasu Koda, Maruzen, P273) which are 
determined by the chemical composition of a steel, the 
amount of austenite formed during annealing is small, 
thus a retained austenite phase or a martensite phase 

2 0 cannot remain in the final steel sheet, and therefore the 

value is determined to be the lower limit of the 
annealing temperature. Here, the higher the annealing 
temperature is, the more the formation of a grain 
boundary oxidized layer is accelerated. 

2 5 As a high temperature annealing causes the formation 

of a grain boundary oxidized layer to accelerate and the 
production costs to increase, the upper limit of the 
annealing temperature is determined to be Ac 3 - 30 (°C). 
In particular, the closer to Ac 3 (°C) the annealing 

3 0 temperature becomes, the more the formation of a grain 

boundary oxidized layer is accelerated. The annealing 
time is required to be not less than 10 seconds in this 
temperature range for equalizing the temperature of a 
steel sheet and securing austenite. However, when the 
35 annealing time exceeds 30 minutes, the formation of a 

grain boundary oxidized layer is accelerated and costs 
increase. Therefore, the upper limit is set at 3 0 
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minutes . 

The primary cooling thereafter is important in 
accelerating the transformation from an austenite phase 
to a ferrite phase and stabilizing the austenite by 
5 concentrating C in the austenite phase before the 

transformation . 

When the maximum temperature during annealing is 
defined as Tmax (°C), a cooling rate of less than 
Tmax/1, 000°C/sec. brings about disadvantages in the 

10 production such as to cause a process line to be longer 

and to cause the production rate to fall remarkably. On 
the other hand, when the cooling rate exceeds 
Tmax/10°C/sec . , the ferrite transformation occurs 
insufficiently, the retained austenite in the final steel 

15 sheet product is hardly secured, and hard phases such as 

a martensite phase become abundant. 

When the maximum temperature during annealing is 
defined as Tmax (°C) and the primary cooling is carried 
out up to a temperature of less than Tmax - 200 °C, 

20 pearlite is generated and ferrite is not generated 

sufficiently during the cooling, and therefore the 
temperature is determined to be the lower limit. 
However, when the primary cooling terminates at a 
temperature exceeding Tmax - 100 °C, then the progress of 

25 the ferrite transformation is insufficient, and therefore 

the temperature is determined to be the upper limit. 

A cooling rate of less than 0.1°C/sec. causes the 
formation of a grain boundary oxidized layer to be 
accelerated and brings about disadvantages in the 

3 0 production to cause a process line to be longer and to 

cause the production rate to fall remarkably. Therefore, 
the lower limit of the cooling rate is set at 0.1°C/sec. 
On the other hand, when the cooling rate exceeds 
10°C/sec., the ferrite transformation occurs 

35 insufficiently, the retained austenite in the final steel 

sheet product is hardly secured, and hard phases such as 
a martensite phase become abundant, and therefore the 
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upper limit is set at 10°C/sec. 

When the primary cooling is carried out up to a 
temperature of less than 650 °C, pearlite is generated 
during the cooling, C, which is an element stabilizing 
5 austenite, is wasted, and a sufficient amount of retained 

austenite is not obtained finally and, therefore, the 
lower limit is set at 65 0 °C. However, when the cooling 
terminates at a temperature exceeding 710 °C, the progress 
of ferrite transformation is insufficient, the growth of 
10 a grain boundary oxidized layer is accelerated, arid 

therefore, the upper limit is set at 710°C. 

In the rapid cooling of the secondary cooling which 
is carried out successively, the cooling rate has to be 
at least not less than 0.1°C/sec, preferably not less 
15 than l°C/sec, so as not to generate a pearlite 

transformation, the precipitation of . iron carbides, and 
the like, during the cooling. 

However, as a cooling rate exceeding 100°C/sec. is 
hardly implemented from the viewpoint of an equipment 

2 0 capacity, the range of the cooling rate is determined to 

be from 0.1 to 100 °C/sec ., preferably from 1.0 to ; ' 
100°C/sec. 

When the cooling termination temperature of the 
secondary cooling is lower : than the plating bath 
25 temperature, operational problems arise and, when it 

exceeds the plating bath temperature + 50 to + 100 °C, 

* * 

carbides precipitate for a short period of time, and 
therefore the sufficient amount of retained austenite and 
martensite cannot be secured. ; For those reasons, the 

a 

3 0 cooling termination temperature of the secondary cooling 

is set in the range from the zinc plating bath 
temperature to the zinc plating bath temperature + 50 to 
10p°C. It is preferable to hold a steel sheet thereafter 
in the temperature range for not less than 1 second 
3 5 including the dipping time in the plating bath for the 

purpose of securing operational stability in the sheet 
travelling, accelerating the formation of bainite as much 
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as possible, and sufficiently securing plating 
wettability. When the holding time becomes long, it 
badly affects productivity and carbides are generated, 
and therefore it is preferable to restrict the holding 
5 time to not more than 3,000 seconds excluding the time 

required for an annealing treatment. 

For stabilizing an austenite phase retained in a 
steel sheet at the room temperature, it is essential to 
increase the carbon concentration in austenite by 

10 transforming a part of the austenite phase into a bainite 

phase. For accelerating the bainite transformation 
including in an alloying treatment process, it is 
preferable to hold a steel sheet for 1 to 3,000 seconds, 
preferably 15 seconds to 20 minutes, in the temperature 

15 range from 300 to 550 °C. When the temperature is less 

than 30 0°C, the bainite transformation is hardly 
generated. However, when the temperature exceeds 550 °C, 
carbides are formed and it becomes difficult to reserve a 
retained austenite phase sufficiently, and therefore the 

20 upper limit is set at 550 °C. 

For forming a martensite phase, it is not necessary 
to make bainite transformation occur, which is different 
from the case of a retained austenite phase. On the 
other hand, as the formation of carbides and a pearlite 

2 5 phase must be suppressed as in the case of a retained 

austenite phase, it is necessary to apply an alloying 
treatment sufficiently after the secondary cooling, and 
it is determined that an alloying treatment is carried 
out at a temperature of 300 to 550°C, preferably 400 to 
30 55Q°C. 

For securing oxides at an interface in a prescribed 
amount, it is desirable to control the temperature and 
working history from the hot-rolling stage. Firstly, it 
is desirable to generate a surface oxidized layer as 

3 5 evenly as possible by controlling: the heating 

temperature of a slab to 1,150 to 1,230°C; the reduction 
rate up to 1,000°C to not less than 50%; the finishing 
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temperature to not less than 850 °C, preferably not less 
than 880 °C; and the coiling temperature to not more than 
650°C / and, at the same time, to leave elements such as 
Ti, Al, etc. in a solid solution state as much as 

5 possible for suppressing . the formation of Si oxides 

during annealing. Further, it is desirable to remove a 
oxide layer formed during hot-rolling as much as possible 
by employing a high-pressure descaling or a heavy 
pickling after the finish rolling. Further, it is 

0 desirable to control the cold-rolling reduction rate to 

not less than 30% using rolls not more than 1,000 mm in 
diameter for the purpose of breaking the generated 
oxides. In annealing thereafter, it is desirable to heat 
a steel sheet at the rate of 5°C/sec. up to the 

5 temperature range of not less than 750 °C for the purpose 

of accelerating the formation of other oxides by 
suppressing the formation of Si0 2 . On the other hand, 
when the annealing temperature is high or the annealing 
time is long, many oxides are generated and workability 

0 and fatigue resistance are deteriorated. Therefore, as 

determined in the present invention according to the item 
(33), it is desirable to control the residence time to 
not more than 6 0 minutes at an annealing temperature 
whose highest temperature is in the range from not less 

5 than 0.1x{Ac 3 - AcJ+Ac! (°C) to not more than Ac 3 - 30 

<°C) . 

Examples 

The present invention will hereunder be explained in 
0 detail based on the examples. 

Example 1 of Embodiment 1 

The present invention will hereunder be explained in 
detail based on Example 1 of Embodiment 1. 

Steels having chemical compositions shown in Table 1 
5 were heated to the temperature of -1,200°C; the hot- 

rolling of the steels was finished at a temperature of 
not less than the Ar 3 transformation temperature; and the 



WO 02/101112 



- 45 - 



PCT/JP02/05627 



hot-rolled steel sheets were cooled and then coiled at a 
temperature of not less than the bainite transformation 
commencement temperature which was determined by the 
chemical composition of each steel , pickled, and cold- 
5 rolled into cold-rolled steel sheets 1.0 mm in thickness. 

The steels, M-l, N-l, O-l, P-l and Q-l, which will . 
be mentioned later, were hot-rolled on the conditions of 
the reduction rate of 70% up to 1,000°C, the finishing 
temperature of 900°C and the coiling temperature of 

10 7 00°C, and were cold-rolled with the reduction rate of 

50% using the rolls 800 mm in diameter. The other steels 
were hot-rolled on the conditions of the reduction rate 
of 70% up to 1,000°C, the finishing temperature of 900°C 
and the coiling temperature of 60 0 °C, and were cold- 

15 rolled with the reduction rate of 50% using the rolls 

1,2 00 mm in diameter. 
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After that, the Ac x transformation temperature and 
the Ac 3 transformation temperature were calculated from 
the components (in mass %) of each steel according to the 
following equations: 
5 Ac 1 = 723 - 10.7xMn% + 29.1xSi%, 

Ac 3 « 910 - 203x(C%) 1/2 + 44.7xSi% + 31.5xMo% - 
30xMn% - llxCr% + 400xAl%. 

The steel sheets were plated by: heating them at a 

10 rate of 5°C/sec. to the annealing temperature calculated 

from the Ac x transformation temperature and the Ac 3 
transformation temperature and retaining them in the N 2 
atmosphere containing 10% of H 2 ; thereafter, cooing them 
up to 600 to 700 °C at a cooling rate of 0.1 to 10°C/sec; 

15 successively cooling them to the plating bath temperature 

at a cooling rate of 1 to 20°C/sec; and dipping them in 
the zinc plating bath of 460 °C for 3 seconds, wherein the 
compositions of the plating bath were varied. 

Further, as the Fe-Zn alloying treatment, some of 

2 0 the steel sheets were retained in the temperature range 

from 300 to 550 °C for 15 seconds to 20 minutes after they 
were plated and Fe contents in the plated layers were 
adjusted so as to be 5 to 20% in mass. The plating 
properties were evaluated by visually observing the state 

2 5 of dross entanglement on the surface and measuring the 

area of non-plated portions. The compositions of the 
plated layers were determined by dissolving the plated 
layers in a 5% hydrochloric acid solution containing an 
inhibitor and chemically analyzing the solution. 

30 jis #5 specimens for tensile test were prepared from 

the plated steel sheets (rolled at skin-pass line at the 
reduction rate of 0.5 - 2.0%) and mechanical properties 
thereof were measured. Further, the fracture lives were 
evaluated relatively by imposing a stress corresponding 

35 to 50% of the tensile strength in the plane bending 

fatigue test. Further, the corrosion resistance was 
evaluated by a repeated salt spray test. 
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As shown in Table 2, in the steels according to the 
present invention, the depth of the grain boundary 
oxidized layers is shallow and the fatigue life under a 
stress corresponding to 50% of the tensile strength 
exceeds 10 6 cycles of bending. Further, the strength and 
the elongation are well balanced and rust formation is 
not observed, allowing a good appearance even after the 
test. 
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Table 3-1 (Continued): Plating property of each steel 



steel 
code- 

ireat- 

lilt: 11 L. 

11 UllLX'fciX 


AX 

content 
in piatGa 

layer x> 


Mn 

content 
in piatea 

layer tb 


Fe 

content 
in plated 
j.ayeir * 


Value 

calculated 

t>y 

expres s ion 
( 1 ) 


Other 
elements 
in plated 
layer % 


W — J. 


1 
_L 


1 


1 c 


1 • 77 




v-»— 4& 


U • D 


u • U 1 


/ 


-4 .35 






U • UD 


U • D 


1 *"> 
1^ 


1 .7 6 






n 17 


U • U ft 


Q 

y 


0.51 


Si : 0*02 


E-l-2 


0.18 


0.03 


9 


0.26 


Y : 0.02, 
Nd • 0 0 4 


E-l-3 


0. 17 


0.03 


9 


0.38 


La: 0.02 


E-l-4 


0.15 


0.02 


9 


0.51 


B: 0.005 


E-l-5 


0.2 


0.08 


9 


0.63 


Rb: 0.02 


E-2 


0.25 


0.01 


8 


-0.87 




G-l 


0.3 


0.3 


11 


2.05 




G-2 


0.2 


0.01 


8 


-0.33 




H-l 


0.5 


0.5 


7 


1.26 




1-1-1 


0.1 


0.05 


7 


0.63 


Cs: 0.04 
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Table 3-2 (Continued): Plating property of each steel 



Steel 
code- 
Treat- 
ment 
nuroDer 


Al 

content 
in plated 
layer % 


Mn 

content 
in plated 
layer % 


Fe 

content 
in plated 
layer % 


Value 

calculated 
by 

expression 
(1) 


Other 
elements 
in plated 
layer % 


1-1-2 


0. 15 


0.1 


8 


0 .63 


K : 

Ni: 


0.02, 
: 0.05 


1-1-3 


0.14 


0.1 


7 


0.76 


Ag: 
Co: 


: 0.01, 
: 0.01 


1-1-4 


0.3 


0.25 


8 


0.63 


Ni: 
Cu: 


: 0.02, 
: 0.03 


1-1-5 


0 . 35 


0.27 


9 


0 .26 


Na: 
Cr: 


: 0.02, 
: 0.01 


1-2 


0.5 


0.1 




-3.74 




J-l 


1 


1 




0.24 




J-2 


1 


1 


8 


0.24 




J- 3 


0.5 


0 


4 


-6.02 




K-l-1 


1. 


0.9 




0.69 


Be: 0.005 


K-l-2 


0.8 


0.7 




0.69 


Ti : 0.01, 
In: 0.01 



11 
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Table 3-3 (Continued): Plating property of each steel 



Steel 
code- 
Treat- 
ment 
number 


Al 

content 
in plated 
layer % 


Mn 

content 
in plated 
layer % 


Fe 

content 
in plated 
layer % 


Value 

calculated 
by 

expression 

(1) 


Other 
elements 
in plated 
layer % 


±v— -L — o 


u . y 


0 . 8 




0.69 


Cd: 0.02 


K-2-1 


0.9 


0-8 


9 


0.69 


Pb: 0.03 


ix— Z — ^ 


1 


0 . 95 


8 


1 . 32 


To : 0.02 


K-2-3 


1 


0.9 


8 


0.69 


W: 

Hf : 


0.02, 
: 0.02 


Jj— x — X 


U.J 


U . 15 


10 


0.60 


Mo: 


: 0.01 


L-l-2 


0.25 


0.14 


10 


1 . 10 


Zr; 
Ti: 


: 0.01, 
: 0.01 


L-l-3 


0.3 


0.2 


9 


1.23 


Ge; 


: 0.01 


L-l-4 


0.3 


0. 15 


11 


0.60 


Ta: 
V: 


: 0.01, 
0.01 


M-l 


0.3 


0.4 


11 


3 .73 




N-l 


0.4 


0.3 


11 


1.23 




0-1 


0.5 


0.5 


12 


2.48 




P-l 


0.1 


0.3 


11 


4.98 




Q-l 


0. 15 


0.2 


10 


3 . 10 
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Table 3-4 (Continued); Plating property of each steel 



Occurrence of 

non-plating 

defect 


Appearance after 
repeated salt 
splay test 


Remarks 


No 


Rust not formed 


Invented steel 


Yes 


Rust formed 


Comparative steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 




Kust not xormea 


Invented steel 


NO 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


Yes 


Rust formed 


Comparative steel 


No 


Rust not formed 


Invented steel 


Yes 


Rust formed 


Comparative steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 



It 
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Table 3-5 (Continued): Plating property of each steel 



occurrence or 


Appearance after 


Remarks 


non-piating 


repeated salt 






spxay test 




JNO 


Kust not x or me a 


invented steei 


No 






No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


Yes 


Rust formed 


Comparative steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


Yes 


Rust formed 


Comparative steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


invented steel 



a 
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Table 3-6 (Continued): Plating property of each steel 



Occurrence of 

non-plating 

defect 


Appearance after 
repeated salt 
splay test 


Remarks 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


1\0 


Kust not rormeci 


invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


. No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 


No 


Rust not formed 


Invented steel 



(Note) The remainder element in plated layer is zinc. 

The underlined numerals are the conditions which 

are outside the range according to the present 
invention. 



•i 
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From Table 3, it can be understood that, even in the 
case of the steel sheets containing relatively large 
amounts of Si, the steel sheets according to the present 
invention, wherein the compositions in the plated layers 
5 and the steel sheets are regulated, do not form non- 

plating defects and have good corrosion resistance. 

Further, it can be understood that, when the fourth 
elements ("other elements in plated layer" in Table 3) 
are contained in a plated layer, the plating properties 

10 are good even in the case where the value determined by 

the left side of the equation 1 is small. 

Table 4 shows the influence of the production 
conditions. In the case of steel sheets whose production 
conditions do not satisfy the prescribed requirements, 

15 even having the compositions within the prescribed range, 

the depth of the grain boundary oxidized layers is large 
and their fatigue life is short. Further, it is 
understood that, conversely, even though the production 
conditions satisfy the prescribed requirements, in the 

2 0 case where the compositions of the steel sheets deviate 

from the prescribed range, the fatigue life is also 
short . 

Table 5 shows the influence of the shape of the 
oxides. In the steel sheets according to the present 
25 invention, rust is not formed and also the fatigue 

strength exceeds 2 x 10 6 cycles of bending, and therefore 

the steel sheets have good material quality. 
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Example 2 of Embodiment 1 

The present invention will hereunder be explained in 
detail based on Example 2 of Embodiment 1. 

Steels having chemical compositions shown in Table 6 
were heated to the temperature of 1,2 00°C; the hot- 
rolling of the steels was finished at a temperature of 
not less than the Ar 3 transformation temperature; and the 
hot-rolled steel sheets were cooled and then coiled at a 
temperature of not less than the bainite transformation 
commencement temperature which was determined by the 
chemical composition of each steel, pickled, and cold- 
rolled into cold-rolled steel sheets 1.0 mm in thickness. 

After that, the Ac x transformation temperature and 
the. Ac 3 transformation temperature were calculated from 
the components (in mass %) of each steel according to the 
following equations: 

ACj. = 723 - 10.7xMn% - 16.9xNi% + 29.1xSi% + 
16 . 9xCr% , 

Ac 3 = 910 - 203x(C%) 1/2 + 15.2xNi% + 44.7xSi% + 
104xV% + 31.5xMo% - 30xMn% - llxCr% - 20xCu% + 700xP% + 
400xAl% + 400xTi%. 



The steel sheets were plated by: heating them to the 
annealing temperature calculated from the Ac x 

25 transformation temperature and the Ac 3 transformation 

temperature and retaining them in the N 2 atmosphere 
containing 10% of H 2 ; thereafter, cooling them up to 
680°C at a cooling rate of 0.1 to 10°C/sec; successively 
cooling them to the plating bath temperature at a cooling 

30 rate of 1 to 20°C/sec; and dipping them in the zinc 

plating bath at 460°C for 3 seconds, wherein. the 
compositions of the plating bath were varied. 

Further, as the Fe-Zn alloying treatment, some of 
the steel sheets were retained in the temperature range 

3 5 from 3 00 to 550 °C for 15 seconds to 20 minutes after they 
were zinc plated and Fe contents in the plated layers 
were adjusted so as to be 5 to 20% in mass. The plating 



WO 02/101112 



- 57 - 



PCT/JP02/05627 



properties were evaluated by visually observing the state 
of dross entanglement on the surface and measuring the 
area of non-plated portions. The compositions of the 
plated layers were determined by dissolving the plated 
5 layers in 5% hydrochloric acid solution containing an 

inhibitor and chemically analyzing the solution. 

JIS #5 specimens for tensile test were prepared from 
the zinc plated steel sheets (rolled in the skin-pass 
line at the reduction rate of 0.5 - 2.0%) and mechanical 

10 properties thereof were measured. Then, the plating 

adhesion after severe deformation was evaluated by 
applying 60° bending and bending-back forming to a steel 
sheet after giving the tensile strain of 20%. The 
plating adhesiveness was evaluated relatively by sticking 

15 a vinyl tape to the bent portion after bending and 

bending-back forming and peeling it off, and then 
measuring the rate of the exfoliated length per unit 
length. The production conditions are shown in Table 8. 
As shown in Table 7, in the case of the steels 

20 according to the present invention, namely, Dl to D8 

(Nos. 1, 2, 5 to 8, 10 to 14), non-plating defects are 
not observed, the strength and the elongation are well 
balanced, and the plating exfoliation rate is as low as 
not more than 1% even when bending and bending-back 

2 5 forming is applied after giving the tensile strain of 

20%. On the other hand, in the case of the comparative 
steels, namely, CI to C5 (Nos. 17 to 21), cracks were 
generated abundantly during the hot-rolling for producing 
the test specimens and the producibility was poor. The 

3 0 hot-rolled steel sheets were cold-rolled and annealed 

after cracks were removed by grinding the hot-rolled 
steel sheets obtained, and then used for the material 
quality tests. However, some of the steel sheets (C2 and 
C4) were very poor in plating adhesiveness after heavy 
35 working or could not withstand the forming of 20%. 

As shown in Table 8, in Nos. 3, 9, 19 and 21, which 
do not satisfy the equation 1, the plating wettability 
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deteriorates and the plating adhesion after revere 
deformation is inferior. Also, in the case that the 
regulation on the microstructure of a steel sheet is not 
satisfied, the plating adhesiveness after heavy working 
5 is inferior. 

In case of No. 4, since the secondary cooling rate 
is slow, martensite and austenite are not generated but 
pearlite is generated instead, and the plating 
adhesiveness after heavy working is inferior. 
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Example 3 of Embodiment 1 

The present invention will hereunder be explained in 
detail based on Example 3 of Embodiment 1 . 

Steels having chemical compositions shown in Table 9 
were heated to the temperature of 1 / 200°C; the hot- 
rolling of the steels was finished at a temperature of 
not less than the Ar 3 transformation temperature; and the 
hot-rolled steel sheets were cooled and then coiled at a 
temperature of not less than the bainite transformation 
commencement temperature which was determined by the 
chemical composition of each steel, pickled, and cold- 
rolled into cold-rolled steel sheets 1.0 mm in thickness. 

After that, the Ac 2 transformation temperature and 
the Ac 3 transformation temperature were calculated from 
the components (in mass %) of each steel according to the 
following equations : 

Ac 2 = 723 - 10.7xMn% + 29.1xSi%, 

Ac 3 = 910 - 203x(C%) 1/2 + 44.7xSi% + 31.5xMo% - 
30xMn% - llxCr% + 400xAl%. 

The steel sheets were plated by: heating them to the 
annealing temperature calculated from the Ac x 
transformation temperature and the Ac 3 transformation 
temperature and retaining them in the N 2 atmosphere 
containing 10% of H 2 ; thereafter, cooling them up to 
680 °C at a cooling rate of 0.1 to 10°C/sec; successively 
cooling them to the plating bath temperature at a cooling 
rate of 1 to 20°C/sec; and dipping them in the zinc 
plating bath of 460 °C for 3 seconds, wherein the 
compositions of the plating bath were varied. 

Further, as the Fe-Zn alloying treatment, some of 
the steel sheets were retained in the temperature range 
from 300 to 550 °C for 15 seconds to 20 minutes after they 
were zinc plated and Fe contents in the plated layers 
were adjusted so as to be 5 to 20% in mass. The plating 
properties were evaluated by visually observing the state 
of dross entanglement on the surface and measuring the 
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area of non-plated portions . The compositions of the 
plated layers were determined by dissolving the plated 
layers in 5% hydrochloric acid solution containing an 
inhibitor and chemically analyzing the solution. 
5 JIS #5 specimens for tensile test were prepared from 

the zinc plated steel sheets (rolled in the skin-pass 
line at the reduction rate of 0.5 - 2.0%) and mechanical 
properties thereof were measured. Then, the plating 
adhesion after severe deformation was evaluated by 

10 applying 60° bending and bending-back forming to a steel 

sheet after giving the tensile strain of 20%. The 
plating adhesiveness was evaluated relatively by sticking 
a vinyl tape to the bent portion after bending and 
bending-back forming and peeling it off, and then 

15 measuring the rate of the exfoliated length per unit 

length. The production conditions are shown in Table 11. 

As shown in Table 10, in the case of the steels 
according to the present invention, namely, Dl to D12 
(Nos. 1, 2, 5, 12, 13, 20, 22 to 24, 32, 34 to 36, 39 and 

2 0 42), non-plating defects are not observed, the strength 

and the elongation are well balanced, and the plating 
exfoliation rate is as low as not more than 1% even when 
bending and bending-back forming is applied after giving 
the tensile strain of 20%. Further, it is understood 

2 5 that, when the other elements in plated layer as shown in 

Table 10 are contained in a plated layer, the plating 
properties are good even in the case where the value 
determined by left side of the equation 1 is relatively 
small . 

3 0 On the other hand, in the case of the comparative 

steels, namely, CI to C5 (Nos. 44 to 48), cracks were 
generated abundantly during the hot-rolling for producing 
the test specimens and the producibility. was poor. The 
hot-rolled steel sheets were cold-rolled and annealed 
3 5 after cracks were removed by grinding the hot-rolled 

steel sheets obtained, and then used for the material 
quality tests. However, some of the steel sheets (C2 and 
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C4 ) were very poor in plating adhesiveness after heavy 
working or could not withstand the forming of 20%. 

As shown in Table 10 , in Nos. 3, 21, 4 6 and 48, 
which do not satisfy the equation 1, the plating . 
5 wettability deteriorates and the plating adhesiveness 

after heavy working is inferior. Also, in the case that 
the regulation on the microstructure of a steel sheet is 
not satisfied, the plating adhesion after revere 
deformation is inferior. 
10 In case of No. 3, as the secondary cooling rate is 

slow, martensite and austenite are not generated but 
pearlite is generated instead, and the plating adhesion 
after severe deformation is inferior. 
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Example of Embodiment 2 

The present invention will hereunder be explained in 
detail based on Example of Embodiment 2. 

Steels having chemical compositions shown in Table 
5 12 were heated to the temperature of 1,180 to 1 / 250°C; 

the hot-rolling of the steels was finished at a 
temperature of 880 to 1,100°C; and the hot-rolled steel 
sheets were cooled and then coiled at a temperature of 
not less than the bainite transformation commencement 
10 temperature which was determined by the chemical 

composition of each steel, pickled, and cold-rolled into 
cold-rolled steel sheets 1 . 0 mm in thickness. 

After that, the Ac x transformation temperature and 
the Ac 3 transformation temperature were calculated from 
15 the components (in mass %) of each steel according to the 

following equations : 

Ac 1 = 723 - 10.7xMn% + 29.1xSi%, 

Ac 3 = 910 - 203x(C%) 1/2 + 44.7xSi% + 31.5xMo% - 
30xMn% - llxCr% + 400xAl%. 

20 

The steel sheets were plated by: heating them to the 
annealing temperature calculated from the Ac 1 
transformation temperature and the Ac 3 transformation 
temperature and retaining them in the N 2 atmosphere 
25 containing 10% of H 2 ; thereafter, cooing them in the 

temperature range from 650 to 700 °C at a cooling rate of 
0.1 to 10°C/sec; successively cooling them to the 
plating bath temperature at a cooling rate of 0.1 to 
20°C/sec. ; and dipping them in the zinc plating bath of 
0 460 to 470 °C for 3 seconds, wherein the compositions of 

the plating bath were varied, rolled in the skin-pass 
line at the reduction rate of 0.5 - 2.0%. 

Further, as the Fe-Zn alloying treatment, some of 
the steel sheets were retained in the temperature range 
5 from 400 to 550 °C for 15 seconds to 20 minutes after they 

were plated and Fe contents in the plated layers were 
adjusted so as to be 5 to 20% in mass. The plating 
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appearance was evaluated by visually observing the state 
of dross entanglement on the surface and measuring the 
area of non-plated portions. The compositions of the 
plated layers were determined by dissolving the plated 
5 layers in 5% hydrochloric acid solution containing an 

inhibitor and chemically analyzing the solution, and the 
results are shown in Table 13. 

From Tables 13 and 14 , in the steels according to 
the present invention, which satisfy the expression (2), 

10 the all appearance evaluation ranks are 5, and the 

strength and the elongation are well balanced. On the 
other hand, in the comparative steels which do not 
satisfy the ranges specified in the present invention, 
the appearance evaluation ranks are low without 

15 exception, and the strength and the elongation are badly 

balanced. Further, in the steels produced within the 
ranges specified in the claims of the present invention, 
the microstructures are composed of the aforementioned 
structures, and the steels are excellent in appearance 

20 and the balance between strength and elongation. 
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Table 13-1-1 (Continued): Plating wettability, corrosion 

resistance, micros tructure and 
fatigue life of each steel 



Steel 


Treatment 


Mn 


Al 


Mo 


Fe 


Value 


code 


number 


content 


content 


content 


content 


calculated 






in 


in 


in 


in 


by 






plated 


plated 


plated 


plated 


expression 






layer % 


layer % 


layer % 


layer % 


(1) 


A 


1 


0.01 


0.1 


0.0001 




0.43 


A 


2 


0.05 


0.15 


0.001 


12 


0.38 


A 


3 


0.04 


0.6 


0.001 


11 


-0.07 


B 


4 


0.03 


0.3 


0.001 




0. 141 


B 


5 


0 . 11 


0.4 


0.002 


10 


0 . 041 


B 


6 


0.04 


0.4 


<0.0001 




0.041 


C 


7 


0.1 


0.3 


0.002 


12 


0.245 


C 


8 


0.04 


0.8 


0.003 


11 


-0.26 


D 


9 


0.7 


0.5 


<0 .0001 




0.051 


D 


10 


0.6 


0.4 


0.002 


10 


0. 151 


E 


11 


0.2 


0.3 


0.005 


11 


0.205 


£ 


12 


0.15 


0.4 


0.002 


10 


0. 105 


E 


13 


0.3 


0.3 


0.005 


10 


0.205 


F 


14 


0.5 


0.45 


0.001 




0. 046 


F 


15 


0.1 


0.05 


0.003 


9 


0 . 446 



SUBSTITUTE SHEET (RULE 26) 



WO 02/101112 



72/1 



PCT/JP02/05627 



Table 13-1-2 (Continued) : Plating wettability,, corrosion 

resistance, microstructure and 
fatigue life of each steel 



Steel 


Treatment 


Mn 


Al 


Mo 


Fe 


Value 


code 


number 


content 


content 


content 


content 


calculated 






in 


in 


in 


in 


by 






plated 


plated 


plated 


plated 


expression 






layer % 


layer % 


layer % 


layer % 


(1) 


G 


16 


1 


0 . 5 


0.002 


10 


0.025 


G 


17 


1 


0.4 


0.002 


10 


0.125 


H 


1 8 


0.5 


0.7 


0.0003 




-0 .19 


H 


19 


0.4 


0.35 


0. 0002 


10 


0. 165 


H 


20 


0.5 


0.45 


0.0002 


9 


0.065 


I 


21 


0.7 


0.1 


0.001 


11 


0.442 


I 


22 


0.7 


0.5 


0.003 


12 


0.042 


I 


23 


1 


0.4 


0.002 


12 


a. 142 


I 


24 


0.05 


0.45 


0.004 


11 


0.092 


I 


25 


0.5 


0.3 


0.007 


12 


0.242 


I 


26 


0.5 


0.35 


0.001 




0.192 


I 


27 


0.6 


0. 13 


<0.0001 




0.412 


J 


28 


0.05 


0.34 


0.0002 


11 


0 . 118 
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Table 13-1-3 (Continued): Plating wettability, corrosion 

resistance, micros tructure and 
fatigue life of each steel 



Steel 
code 


Treatment 
number 


Mn 

content 
in 

plated 
layer % 


Al 

content 
in 

plated 
layer % 


Mo 

content 
in 

plated 
layer % 


Fe 

content 
in 

plated 
layer % 


Value 

calculated 

expression 
(1) 


J 


29 


0.06 


0.2 


<0 . 0001 


10 


0.258 


J 


30 


0.06 


0.45 


0.0001 




0.008 


CA 


31 


0.1 


0.2 


0.007 


9 


-3.22 


CB 


32 


1.5 


0.3 


0.08 


8 


0.078 


CC 


33 


0.5 


0.4 


0.007 




-0.04 


CD 


34 


Many cracks occurred 
during hot-rolling 






CE 


35 


Many cracks occurred 
during hot-rolling 
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Table 13-1-4 (Continued): Plating wettability, corrosion 

resistance, microstructure and 
fatigue life of each steel 



Other 
elements 
in plated 
layer % 


Application of 
alloying heat 
treatment after 
plating treatment 


Appearance 
evaluation 
rank 


■ 




No 


5 


Invented steel 




Yes 


5 


Invented steel 




Yes 


3 


Comparative steel 




NO 


5 


Invented steel 


Si: 0.001 


Yes 


5 


Invented steel 




NO 


3 


Comparative steel 




Yes 


5 


Invented steel 




Yes 


2 


Comparative steel 


Cr: 0.004, 
W: 0.005 


No 






Cr: 0.005, 
W: 0.007 


Yes 


5 


Invented steel 


K: 0.01 


Yes 


5 


Invented steel 


Ag: 


: 0.004 


Yes 


5 


Invented steel 


Ni: 
Cu: 
Co: 


: 0.01, 
: 0.01, 
: 0.002 


Yes 


5 


Invented steel 


Ti: 
Cs: 


: 0.002, 
: 0.003 


No 


5 


invented steel 


Rb: 


: 0.002 


Yes 


5 


Invented steel | 
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Table 13-1-5 (Continued) : Plating wettability, corrosion 

resistance, microstructure and 
fatigue life of each steel 



Other 
elements 
in plated 
layer % 


Application of 
alloying heat 
treatment after 
plating treatment 


Appearance 
evaluation 
rank 




V: 0.003, 
Zr: 0.003, 
Hf: 0.002, 
Ta: 0.002 


I6S 




invented steei 


V: 0.002, 
Zr: 0.002, 
Nd: 0.007 


Yes 


5 


Invented steel 


B: 0.002, 
Y: 0.003 


NO 




C* OTYIT^ T* £3 "t" "1 \TC± C+" OO 1 
V_ VJill^/ CL J- QL.J. VC O v> _L 


B : 0 . 003 , 
Y: 0.002 


Yes 


5 


Invented steel 


Na: 0.007 


Yes 


5 


Invented steel 


Cd: 0.01 


Yes 


5 


Invented steel 


La: 0.02 


Yes 


5 


Invented steel 


Tl: 0.02 


Yes 


5 


Invented steel 


In: 0.005 


Yes 


5 


Invented steel 


Be: 0.01 


Yes 


5 


Invented steel 


Pb: 0.02 


No 


5 


Invented steel 




No 


4 


Comparative steel 




No 


5 


Invented steel 
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Table 13-1-6 (Continued) : Plating wettability, corrosion 

resistance, microstructure and 
fatigue life of each steel 



Other 
elements 
in plated 
layer % 


Application of 
alloying heat 
treatment after 
plating treatment 


Appearance 
evaluation 
rank 




W: 0.005, 
Co: 0.02 


Yes 


4 


Comparative steel 


W: 0.01, 
Co: 0.03, 
Tc: 0.002, 
Ge: 0.008 


Yes 


5 


Invented steel 




Yes 


2 


Comparative steel 


Ag: 0.01 


Yes 


5 


Comparative steel 




No 


3 


Comparative steel 








Comparative steel 








Comparative steel 



5 (Note) The underlined bold type numerals are the 

conditions which are outside the range according 
to the present invention. 
* The sum of the volume percentage of each phase is 
100%, and the phases which are hardly observed and 
10 identified by an optical microscope, such as carbides, 

oxides, sulfides, etc., are included in the volume 
percentage of the main phase. In case that the main 
phase is composed of bainite, since the structure is 
very fine, it is difficult to quantitatively measure 
15 each grain size and the volume percentage of each 

phase. 
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Example of Embodiment 3 

The present invention will hereunder be explained in 
detail based on Example of Embodiment 3 . 

Steels having chemical compositions shown in Table 
5 15 were heated to the temperature of 1,200 to 1,250°C; 

the heated steels were rough-rolled at a total reduction 
rate of not less than 60% and at a temperature of not 
less than 1,000°C; then the hot-rolling of the steels was 
finished; and the hot-rolled steel sheets were cooled and 

10 then coiled at a temperature of not less than the bainite 

transformation commencement temperature which was 
determined by the chemical composition of each steel, 
pickled, and cold-rolled into cold-rolled steel sheets 
1.0 mm in thickness. 

15 After that, the Ac 1 transformation temperature and 

the Ac 3 transformation temperature were calculated from 
the components (in mass %) of each steel according to the 
following equations: 

Ac x = 723 - 10.7xMn% + 29.1xSi%, 

20 Ac 3 = 910 - 203x(C%) 1/2 + 44.7xSi% + 31.5xMo% - 

30xMn% - llxCr% + 400xAl%. 

The steel sheets were: heated to the annealing 
temperature calculated from the Ac x transformation 

2 5 temperature and the Ac 3 transformation temperature and 

retained in the N 2 atmosphere containing 10% of H 2 ; after 
the annealing, cooled, when the highest attained 
temperature during annealing is defined as Tmax (°C), in 
the temperature range from Tmax - 200 °C to Tmax - 10 0 °C 
30 at a cooling rate of Tmax/1, 000 to Tmax/10 °C/sec; 

successively, cooled in the temperature range from the 
plating bath temperature - 30 °C to the plating bath 
temperature + 5 0 °C at a cooling rate of 0.1 to 
100°C/sec; then dipped in the plating bath; and retained 

3 5 in the temperature range from the plating bath 

temperature - 30°C to the plating bath temperature + 50°C 
for 2 to 200 seconds including the dipping time. 
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Thereafter, as the Fe-Zn alloying treatment, some of the 
steel sheets were retained in the temperature range from 
400 to 550 °C for 15 seconds to 20 minutes after they were 
plated and Fe contents in the plated layers were adjusted 
5 so as to be 5 to 20% in mass, further, rolled in the 

skin-pass line at the reduction rate of 0.5 - 2.0%. The 
steel sheets were subjected to full flat bending (R=lt) 
and to a JASO cyclic corrosion test up to 150 cycles as a 
means of evaluating the corrosion resistance in an 

10 environment containing chlorine, and the progress of 

corrosion was evaluated. The compositions of the plated 
layers were determined by dissolving the plated layers in 
5% hydrochloric acid solution containing an inhibitor and 
chemically analyzing the solution, and the results are 

15 shown in Table 16. 

From Tables 16 and 17, in the steels according to 
the present invention, which satisfy the expression (3), 
all the corrosion evaluation ranks are 4 or 5, and the 
strength and the elongation are well balanced. 

2 0 On the other hand, in the comparative steels which 

do not satisfy the ranges specified in the present 
invention, since they do not satisfy the regulations on a 
microstructure or the regulations on production 
conditions, the strength and the elongation are badly 
25 balanced without exception. In the steels of Nos. 3, 13 

and 20, which are the comparative steels, the corrosion 
evaluation ranks are 4 or 5 . However, in case of Nos. 13 
and 20, the balance between the strength and the 
elongation is inferior, and in case of No . 3, the tensile 

3 0 strength is low. Further, in the steels produced within 

the ranges specified in the claims of the present 
invention, the microstructures are composed of the 
aforementioned structures, and the steels are excellent 
in appearance and the balance between strength and 
3 5 elongation. 
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Industrial Applicability 

The present invention provides: a high-strength 
high-ductility hot-dip galvanized steel sheet and hot-dip 
galvannealed steel sheet having high fatigue resistance 
5 and corrosion resistance; a high-strength hot-dip 

galvanized steel sheet excellent in ductility, which 
improves non-plating defects and plating adhesion after 
severe deformation, and a method of producing the same; a 
high-strength high-ductility hot-dip galvanized steel 

10 sheet having high fatigue resistance and corrosion 

resistance; a high-strength hot-dip galvanized steel 
sheet excellent in appearance and workability, which 
suppresses the generation of non-plating defects, and a 
method of producing the same; and a high-strength hot-dip 

15 galvannealed steel sheet and a high-strength hot-dip 

galvanized steel sheet, which suppress non-plating 
defects and surface defects and have both corrosion 
resistance, in particular corrosion resistance, in an 
environment containing chlorine ion, and high ductility, 

20 and a method of producing the same. 
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CLAIMS 

1. A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 

5 resistance, the hot-dip galvanized or galvannealed steel 

sheet having a plated layer on the surface of the base 
layer consisting of a steel sheet, characterized in that 
the maximum depth of the grain boundary oxidized layer 
formed at the interface between the plated layer and the 
10 base layer is not more than 0.5 ^im. 

2. A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 
resistance, the hot-dip galvanized or galvannealed steel 

15 sheet having a zinc plated layer on the surface of the 

base layer consisting of a steel sheet, characterized in 
that the maximum depth of the grain boundary oxidized 
layer at the interface between the plated layer and the 
base layer is not more than 1 \xm and the average grain 

20 size of the main phase in the microstructure of the base 

layer is not more than 20 fxm. 

3 . A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 

25 resistance, the hot-dip galvanized or galvannealed steel 

sheet having a plated layer on the surface of the base 
layer consisting of a steel sheet, according to claim 1 
or 2, characterized in that the value obtained by 
dividing the maximum depth of the grain boundary oxidized 

30 layer formed at the interface between the plated layer 

and the base layer by the average grain size of the main 
phase in the microstructure of the base layer is not more 
than 0.1. 

4. A high-strength high-ductility hot-dip 

35 galvanized steel sheet and hot-dip galvannealed steel 

sheet having high fatigue resistance and corrosion 
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resistance according to any one of claims 1 to 3 , 
characterized in that the steel sheet contains, in its 
microstructure, ferrite or ferrite and bainite 50 to 97% 
in volume as the main phase , and either or both of 
5 martensite and austenite 3 to 50% in total volume as the 

second phase. 

5. A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 

10 resistance according to any one of claims 1 to 4 , 

characterized in that: the plated layer contains, in 
mass, 

Al: 0.001 to 0.5%, and 
Mn: 0.001 to 2%, 
15 with the balance consisting of Zn and unavoidable 

impurities; and Si content: X (in mass %), Mn content: Y 
(in mass %) and Al content: Z (in mass %) in the steel 
sheet, and Al content: A (in mass %) and Mn content: B 
(in mass %) in the plated layer satisfy the following 
2 0 • equation 1: 

3-(X+Y/10+Z/3 )-12 .5x(A-B) ^ 0 ... 1 

6. A high-strength high-ductility hot-dip 
galvannealed steel sheet having high fatigue resistance 
and corrosion resistance according to claim 5, 

2 5 characterized in that the plated layer contains Fe at 5 

to 20% in mass. 

7. A high-strength hot-dip galvanized steel sheet 
having high plating adhesion after severe deformation and 
ductility, the hot-dip galvanized steel sheet having a 

30 plated layer containing, in mass, 

Al: 0.001 to 0.5%, and 
Mn: 0.001 to 2%, 
with the balance consisting of Zn and unavoidable 
impurities, on the surface of a steel sheet consisting 
35 of, in mass, 

C: 0.0001 to 0.3%, 
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Si: 0.01 to 2.5%, 

Mn: 0.01 to 3%, 

Al: 0.001 to 4%, and 
the balance consisting of Fe and unavoidable impurities , 
5 characterized in that: Si content: X (in mass %), Mn 

content: Y (in mass %) and Al content: Z (in mass %) in 
the steel, and Al content: A (in mass %) and Mn content: 
B (in mass %) in the plated layer satisfy the following 
equation 1; and the microstructure of the steel sheet has 
10 the main phase comprising ferrite at 7 0 to 97% in volume 

and the average grain size of a main phase being not more 

than 20 ^im, and a second phase comprising austenite 

and/or martensite at 3 to 30% in volume and the average 

grain size of the second phase being not more than 10 jam: 

15 3-(X+Y/10+Z/3)-12.5x(A-B) ^ 0 ... 1 

8. A high-strength hot-dip galvannealed steel 
sheet having high plating adhesion after severe 
deformation and ductility according to claim 7, 
characterized in that the plated layer further contains 

20 Fe at 5 to 20% in mass. 

9. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having high plating 
adhesion after severe deformation and ductility according 
to claim 7 or 8, characterized in that the average grain 

25 size of austenite and/or martensite which constitute ( s ) 

the second phase of the steel sheet is 0.01 to 0.7 times 
the average grain size of ferrite. 

10. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having high plating 

30 adhesion after severe deformation and ductility according 

to any one of claims 7 to 9, characterized in that the 
microstructure of the steel sheet: has a main phase 
comprising ferrite at 5 0 to 95% in volume and the average 
grain size of the main phase being not more than 20 

35 and a second phase comprising austenite and/or martensite 

at 3 to 30% in volume and the average grain size of the 
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second phase being not: more than 10 [iia; and further 

contains bainite at 2 to 47% in volume. 

11. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having high plating 

5 adhesion after severe deformation and ductility according 
to any one of claims 7 to 10, characterized in that the 
steel further contains Mo at 0.001 to 5% in mass. 

12. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having high plating 

10 adhesion after severe deformation and ductility according 

to any one of claims 7 to 11, characterized in that the 
steel further contains P at 0.0001 to 0.1% and S at 
0.0001 to 0.01%, in mass. 

13. A high-strength hot-dip galvanized steel sheet 
15 and hot-dip galvannealed steel sheet having high fatigue 

resistance and corrosion resistance according to any one 
of claims 7 to 12, characterized in that the Si content 
in the steel is 0.001 to 2.5%. 

14. A high-strength hot-dip galvannealed steel 
2 0 sheet having superior appearance and workability, the 

hot-dip galvannealed steel sheet having a plated layer 
containing, in mass, 

Mn: 0.001 to 3%, 

Al: 0.001 to 4%, 
2 5 Mo: 0.0001 to 1%, and 

Fe: 5 to 20%, 
with the balance consisting of Zn and unavoidable 
impurities, on the surface of a steel sheet consisting 
of, in mass, 
30 C: 0.0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 

Mn : 0.01 to 3% , 

Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 
35 P: 0.0001 to 0.3%, 

S: 0.0001 to 0.1%, and 
the balance consisting of Fe and unavoidable impurities, 
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characterized in that: Mn content: X (in mass %) and Si 

content: Y (in mass %) in the steel, and Al content: z 

(in mass %) in the plated layer satisfy the following 
equation 2 : 

5 0.6-(X/18+Y+Z) ^ 0 ... 2 

15. A high-strength hot-dip galvanized steel sheet 
having superior appearance and workability , the hot-dip 
galvanized steel sheet having a plated layer containing, ■ 
in mass, 
10 Mn: 0.001 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.0001 to 1%, and 

Fe: less than 5%, 
with the balance consisting of Zn and unavoidable 
15 impurities, on the surface of a steel sheet consisting 

of, in mass, 

C: 0.0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 

Mn: 0.01 to 3%, 
20 Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 

P: 0.0001 to 0.3%, 

S: 0.0001 to 0.1%, and 
the balance consisting of Fe and unavoidable impurities, 
25 characterized in that: Mn content: X (in mass %) and Si 

content: Y (in mass %) in the steel, and Al content: z 
(in mass %) in the plated layer satisfy the following 
equation 2 : 

0 . 6-(X/18+Y+Z) ^ 0 ... 2 

30 16. A high-strength high-ductility hot-dip 

galvannealed steel sheet having high corrosion 
resistance, the hot-dip galvannealed steel sheet having a 
plated layer containing, in mass, 
Al: 0.001 to 4%, and 

35 Fe: 5 to 20%, 

with the balance consisting of Zn and unavoidable 



WO 02/101112 



PCT/JP02/05627 



- 88 - 

impurities, on the surface of a steel sheet consisting 
of, in mass, 

C: 0.0001 to 0.3%, 

Si: 0.001 to less than 0.1%, 
5 Mn: 0.001 to 3%, 

Al: 0.001 to 4%, 

Mo: 0.001 to 1%, 

P: 0.001 to 0.3%, 

S: 0.0001 to 0.1%, and 
10 the balance consisting of Fe and unavoidable impurities, 

characterized in that: Al content: A (in mass %) and Mo 
content: B (in mass %) in the plated layer, and Mo 
content: C (in mass %) in the steel satisfy the following 
equation 3; and the microstructure of the steel consists 
15 of the main phase comprising ferrite or ferrite and 

bainite 50 to 97% in volume and the balance consisting of 
a complex structure containing either or both of 
martensite and retained austenite 3 to 50% in volume: 

100 ^ (A/3+B/6)/(C/6) ^ 0.01 ... 3 
20 17. A high-strength high-ductility hot-dip 

galvanized steel sheet having high corrosion resistance, 
the hot-dip galvanized steel sheet having a plated layer 
containing, in mass, 

Al: 0.001 to 4%, and 
25 Fe: less than 5%, 

with the balance consisting of Zn and unavoidable 
impurities, on the surface of a steel sheet consisting 
of, in mass, 

C: 0. 0001 to 0.3%, 
30 Si: 0.001 to less than 0.1%, 

Mn: 0.001 to 3%, 
Al: 0.001 to 4%, 
Mo: 0.001 to 1%, 
P: 0.001 to 0.3%, 
35 S: 0.0001 to 0.1%, and 

the balance consisting of Fe and unavoidable impurities, 
characterized in that: Al content: A (in mass %) and Mo 
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content: B (in mass %) in the plated layer, and Mo 
content: C (in mass %) in the steel satisfy the following 
equation 3; and the microstructure of the steel consists 
of the main phase comprising ferrite or ferrite and 
5 bainite 50 to 97% in volume and the balance consisting of 
a complex structure containing either or both of 
martensite and retained austenite at 3 to 50% in volume: 

100 ^ (A/3+B/6)/(C/6) ^ 0.01 ... 3 

18. A high-strength hot-dip galvanized steel sheet 
10 and hot-dip galvannealed steel sheet having superior 

appearance and workability according to any one of claims 
14 to 17, characterized in that the microstructure of the 
steel consists of the main phase comprising ferrite or 
ferrite and bainite at 50 to 97% in volume and the 
15 balance consisting of a complex structure containing 

either or both of martensite and retained austenite at 3 
to 50% in total volume. 

19. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

20 appearance and workability according to any one of claims 

14 to 18, characterized in that the microstructure of the 
steel sheet has a main phase comprising ferrite at 70 to 
97% in volume and the average grain size of the main 

phase being not more than 20 \xm, and a second phase 
25 comprising austenite and/or martensite at 3 to 30% in 

volume and the average grain size of the second phase 
being not more than 10 |jjti. 

20. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

30 appearance and workability according to any one of claims 

14 to 19, characterized in that: the second phase of the 
steel sheet is composed of austenite; and C content: C 
(in mass %) and Mn content: Mn (in mass %) in the steel, 
and the volume percentage of austenite: vy (in %) and the 

35 volume percentage of ferrite and bainite: Va (in %) 
satisfy the following equation 4: 
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(Vy+Va) /V7XC+M11/8 ^ 2.0 ... 4 

21. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 
appearance and workability according to any one of claims 

5 14 to 20, characterized in that the microstructure of the 

steel sheet: has a main phase comprising ferrite at 50 to 
95% in volume and the average grain size of the main 
phase being not more than 2 0 jam, and a second phase 
comprising austenite and/or martensite at 3 to 30% in 
10 volume and the average grain size of the second phase 

being not more than 10 \xm; and further contains bainite 
at 2 to 47% in volume. 

22. A high-strength high-ductility hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 

15 sheet having high corrosion resistance according to any 

one of claims 14 to 21, characterized in that the average 
grain size of austenite and/or martensite which 
constitute (s) the second phase of the steel sheet is 0.01 
to 0.6 times the average grain size of ferrite. 
20 23. A high-strength hot-dip galvanized steel sheet 

having high plating adhesion after severe deformation and 
ductility according to any one of claims 1 to 22, 
characterized in that the plated layer further contains, 
in mass, one or more of, 
25 Ca: 0.001 to 0.1%, 

Mg: 0.001 to 3%, 
Si: 0.001 to 0.1%, 
Mo: 0.001 to 0.1%, 
W: 0 . 001 to 0.1%, 
30 Zr: 0.001 to 0.1%, 

Cs: 0.001 to 0. 1%, 
Rb: 0.001 to 0.1%, 
K: 0 .001 to 0. 1%, 
Ag: 0.001 to 5%, 
35 Na: 0.001 to 0.05%, 

Cd: 0.001 to 3%, 
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Cu: 0.001 to 3%, 

Ni: 0.001 to 0.5%, 

Co: 0.001 to 1%, 

La: 0.001 to 0.1%, 
5 Tl: 0.001 to 8%, 

Nd: 0.001 to 0.1%, 

Y: 0.001 to 0.1%, 

In: 0.001 to 5%, 

Be: 0.001 to 0.1%, 
10 Cr: 0.001 to 0.05%, 

Pb: 0.001 to 1%, 

Hf: 0.001 to 0.1%, 

Tc: 0.001 to 0.1%, 

Ti: 0.001 to 0.1%, 
15 Ge: 0.001 to 5%, 

Ta: 0.001 to 0.1%, 

V: 0.001 to 0.2%, and 

B: 0 . 001 to 0.1%. 

24. A high-strength hot-dip galvanized steel sheet 
20 and hot-dip galvannealed steel sheet having superior 

appearance and workability according to any one of claims 
1 to 23, characterized in that the steel further 
contains, in mass, one or more of, 

Cr: 0.001 to 25%, 
25 Ni: 0.001 to 10%, 

Cu: 0.001 to 5%, 

Co: 0.001 to 5%, and 

W: 0.001 to 5%. 

25. A high-strength hot-dip galvanized steel sheet 
30 and hot-dip galvannealed steel sheet having superior 

appearance and workability according to any one of claims 
1 to 24, characterized in that the steel further 
contains, in mass, one or more of Nb, Ti, v, Zr, Hf and 
Ta at 0.001 to 1% in total. 
35 26. a high-strength hot-dip galvanized steel sheet 

and hot-dip galvannealed steel sheet having superior 
appearance and workability according to any one of claims 



WO 02/101112 



- 92 



PCT/JP02/05627 



1 to 25, characterized in that the steel yet further 
contains B at 0,0001 to 0.1% in mass, 

27. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having superior 

5 appearance and workability according to any one of claims 

1 to 26, characterized in that the steel yet further 
contains one or more of Y, Rem, Ca, Mg and Ce at 0.00 01 
to 1% in mass. 

28. A high-strength high-ductility hot-dip 

10 galvanized steel sheet and hot-dip galvannealed steel 

sheet having high fatigue resistance and corrosion 
resistance according to any one of claims 1 to 27, 
characterized in that: the steel contains one or more of 
Si0 2 , MnO and Al 2 0 3 at 0.1 to 70% in total area percentage 

15 in the range from the interface between the plated layer 
and the steel sheet to the depth of 10 jJtm ; and the 
following equation 5 is satisfied: 

{MnO (in area percentage ) +A1 2 0 3 (in area 
percentage) }/Si0 2 (in area percentage) ^ 0.1 5 

20 29. A high-strength high-ductility hot-dip 

galvanized steel sheet and hot-dip galvannealed steel 
sheet having high fatigue resistance and corrosion 
resistance according to any one of claims 1 to 28, 
characterized in that the steel contains one or more of 

2 5 Y 2 0 3 , Zr0 2 , Hf0 2 , Ti0 3 , La 2 0 3 , Ce 2 0 3 , Ce0 2 , CaO and MgO at 

0.0001 to 10.0% in total area percentage in the range 
from the interface between the plated layer and the steel 
sheet to the depth of 10 \xm. 

30. A method of producing a high-strength hot-dip 
30 galvanized steel sheet and hot-dip galvannealed steel 

sheet having high plating adhesion after severe 
deformation and ductility during heavy working, 
characterized by: casting a steel comprising the chemical . 
components according to any one of claims 1 to 29 or once 
35 cooling the cast slab after the casting; then heating the 

cast slab again; thereafter, hot-rolling the cast slab 
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into a hot-rolled steel sheet and coiling it, and then 
pickling and cold-rolling the hot-rolled steel sheet; 
thereafter, annealing the cold-rolled steel sheet for 10 
seconds to 3 0 minutes in the temperature range from not 
5 less than 0.1x(Ac 3 - AcJ+ACj. (°C) to not more than Ac 3 +50 

(°C); then cooling the steel sheet to the temperature 
range from 650 to 700°C at a cooling rate of 0 . 1 to 
10°C/sec; thereafter, cooling the steel sheet to the 
temperature range from the plating bath temperature to 

10 the plating bath temperature + 100 °C at a cooling rate of 

1 to 100°C/sec; keeping the steel sheet in the 
temperature range from the zinc plating bath temperature 
to the zinc plating bath temperature + 100 °C for 1 to 
3,000 seconds including the subsequent dipping time; 

15 dipping the steel sheet in the zinc plating bath; and, 

after that, cooling the steel sheet to room temperature. 

31. A method of producing a high-strength hot-dip 
galvanized steel sheet and hot-dip galvannealed steel 
sheet according to any one of the claims 1 to 29, which 

20 hot-dip galvanized steel sheet being excellent in 

appearance and workability, characterized by: casting a 
steel comprising the chemical components according to any 
one of claims 1 to 29 or once cooling the cast slab after 
the casting; then heating the cast slab again to a 

25 temperature of 1,180 to 1,250°C; finishing the hot- 

rolling at, a temperature of 880 to 1,100°C; then pickling 
and cold-rolling the coiled hot-rolled steel sheet; 
thereafter, annealing the cold-rolled steel sheet for 10 
seconds to 3 0 minutes in the temperature range from not 

30 less than 0.1x(Ac 3 - Ac 1 )+Ac 1 (°C) to not more than Ac 3 +5 0 

(°C); then cooling the steel sheet to the temperature 
range from 650 to 700 °C at a cooling rate of 0.1 to 
10°C/sec. ; thereafter, cooling the steel sheet to the 
temperature range from the plating bath temperature - 

35 50 °C to the plating bath temperature + 50 °C at a cooling 

rate of 0.1 to 100°C/sec; then dipping the steel sheet 
in the plating bath; keeping the steel sheet in the 



WO 02/101112 



- 94 - 



PCT/JP02/05627 



temperature range from the plating bath temperature - 
50 °C to the plating bath temperature + 50 °C for 2 to 200 
seconds including the dipping time; and, thereafter, 
cooling the steel sheet to room temperature. 

32. A method of producing a high-strength high- 
ductility hot-dip galvanized steel sheet and hot-dip 
galvannealed steel sheet according to any one of claims 1 
to 29, the hot-dip galvanized steel sheet being excellent 
in corrosion resistance, characterized by: casting a 
steel comprising the chemical components according to any 
one of claims 1 to 29 or once cooling the cast slab after 
the casting; then heating the cast slab again to a 
temperature of 1, 200 to 1,300°C; then rough-rolling the 
heated slab at the total reduction rate of 60 to 99% and 
at a temperature of 1,000 to 1,150°C; then pickling and 
cold-rolling the finished and coiled hot-rolled steel 
sheet; thereafter, annealing the cold-rolled steel sheet 
for 10 seconds to 3 0 minutes in the temperature range 
from not less than 0.12x(Ac 3 - AcJ+Ac-l (°C) to not more 
than Ac 3 +50 (°C); then, after the annealing, cooling the 
steel sheet, when the highest attained temperature during 
annealing is defined as Tmax (°C), to the temperature 
range from Tmax - 200 °C to Tmax - 10 0 °C at a cooling rate 
of Tmax/1,000 to Tmax/10 °C/sec; thereafter, cooling the 
steel sheet, to the temperature range from the plating 
bath temperature - 30 °C to the plating bath temperature + 
50°C at a cooling rate of 0.1 to 100°C/sec; then dipping 
the steel sheet in the plating bath; keeping the steel 
sheet in the temperature range from the plating bath 
temperature - 3 0°C to the plating bath temperature + 5 0 °C 
for 2 to 200 seconds including the dipping time; and, 
thereafter, cooling the steel sheet to room temperature. 

33. A method of producing a high-strength high- 
ductility hot-dip galvanized steel sheet and hot-dip 
galvannealed steel sheet having high fatigue resistance 
and corrosion resistance, characterized by: casting a 
steel comprising the chemical components according to any 
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one of claims 1 to 29 or once cooling the cast slab after 
the casting; then heating the cast slab again; 
thereafter, hot-rolling the cast slab into a hot-rolled 
steel sheet and coiling it, and then pickling and cold- 

5 rolling the hot-rolled steel sheet; thereafter, annealing 

the cold-rolled steel sheet controlling the annealing 
temperature so that the highest temperature during 
annealing may fall within the range from not less than 
0.1x(Ac 3 - Ac 1 )+Ac 1 (°C) to not more than Ac 3 -30 (°C); 

0 then cooling the steel sheet to the temperature range 

from 650 to 710°C at a cooling rate of 0.1 to 10°C/sec; 
thereafter, cooling the steel sheet to the temperature 
range from the zinc plating .bath temperature to the zinc 
plating bath temperature + 100 °C at a cooling rate of 1 

5 to 100°C/sec; keeping the steel sheet in the temperature 

range from the zinc plating bath temperature to the zinc 
plating bath temperature + 100 °C for 1 to 3,000 seconds 
including the subsequent dipping time; dipping the steel 
sheet in the zinc plating bath; and, after that, cooling 

0 the steel sheet to room temperature. 

34. A high-strength hot-dip galvanized steel sheet 
and hot-dip galvannealed steel sheet having high fatigue 
resistance, corrosion resistance,, and plating adhesion 
after severe deformation and ductility and a method of 

5 producing the same, according to any one of claims 30 to 

33, characterized by: after dipping the steel sheet in 
the zinc plating bath, applying an alloying treatment to 
the steel sheet at a temperature of 300 to 550 °C and 
cooling it to room temperature. 



